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ADVEiiTlSEMENT. 



This Volume oontains the whole of the Author's Muk 

cellaneous Tapers, from 1799 to 1805 ; and alao aii 
earlj Introductory Lecture on Chemktiy^ with Out- 
lines of Two Courses of Lectures on Chemistry and on 
Chemical Philosophy, 

It is mainly interesting on two accounts: one» as 
illustrating the progress of Chemical Discovery, and 
more especially of Voltaic Electricity; the other^ as 
displaying the progress of the Authoi's own mind» and 
tiie formation of his philosophical character. 

In the arrangement of the papers^ attention has heen 
paid to time^ in relation to the order of their iirst appear- 
ance ; fix>m which no deviation has been permitted^ 
excepting in instances in which it appeared advisalile 
on account of the similar nature of the subjects and 
a natural connexion. 

The few notes introduced by the Editor are distin- 
guishable by being placed within brackets. 

JOHN DAVY. 

PoBT Pitt, Chatham, 
Augtut IQth, 18dU. 
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[This and <he Mowliig tamij, the Autiior't flnt eontrlbutlon to 
■cience, vvre pablhhed euly Is 1790.* Th«y wm conuneneed at 
Pfensanee, shortly after he had entered on the itody of Chenaistiy ; and 
were finished at Clifton, twenty months later. 

Less than two years after, namely in Deeember, ISOO, referring to 
the«e productions, he dc«ignatef them, " my infant chemical gpeeu- 
lations*' ; t and, considerinfr them chiefly in the lijrht of mere •peciilntions, 
hf appears then to have grr nth under-rated tht'Tn, and to have formed 
an opinion of them }iiins« It far more tmfavouraMi tli:in they det>erved 
as n whole, or than posterity, it is probable, will acknowledge to be 
correct. 

Itie foflowing eatimate of them was made at the time, by a very able 
judge, and candid erltle, the dlstlngaished and venerahle Priestley. 
In the Appendix to Us last diemleal work, he thns expresses hinueif 
" When some progress was made in printing this work, (The Doetiine 
of Phlogiston established) I met with Dr. Beddoes' Contrilnitioas to 
Physical Knowledge, and in it, Mr. H. DsTy's Essays, which hare 
imp res s ed me with a high opinion of his philosophical acumen. His 
ideas were to me new, and very striking, but they are of too great 
conH4'f|ticncc to be decide<l upon lin"*tily." 

< oneiidering these Epsays (h;<])ii>s!(>nately afti>r a )ay>8c of forty v>^ar^, 
the e)ii< f fault of them wmj decididly, tiiat wlacli their Author aimont 
immcfiuttely perceived, namely, hastiness of generalisation, — and the 
apparent pr^umption indicated by it. As r^u'ds the speculations 
themsdTes In wUdi they abound, thoi^ some of them were ingenious 
and may be true, many of them. It must be allowed, were wild, and 
probably vislonazy ; but, on that account, they are not mdnstructite ; 
they strongly shadow forth the Infbnt mind of the Wlosopber ; Ae 
wildest of them are most natural to a young mind. Just entering on (as 
it was to him) the twilight of phy<«ieal jicience, gifted with high powers 
ai^ a Tivid imagination. In the infancy of science itself, tlicre was the 
same disposition genemlly displayed, and in tlie higiiest degne ; of 



* In ** Contilbatkms to Physical and Medlea] Knowledge, priuci- 
pally liiom the West of Bngbnd, collected by Thomas Beddoes, Ht IV 
t Nicholson's Journal, 4to. toL Iv. |i. 806. 
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wliich Alchemy and Astrology tfbrd the ttrongttBt prooA. Moreorer, 
tlie period of his noviciate wu peculiar, marked bj ddtemait and 

innoTatioDi and the abandonment of the ^wtate mper via* antiquoi 
till leaven of the French Revolution was still fermenting ; — the 
mysterious plienomcna of Galvanism had then recently been brought 
to light ; the muscles of animals apparently dead liad b^u made to 
contract by the new influence, us if re-animated ; and pneumatic 
chemistry hud just then been called to the aid of medicine, with a 
confident expectation of wonderful effects, deluding men of the soundest 
judgmeata. It ii not wmtTkiWe, thes, makmg altowanee ibr tiiMe 
elfeimiBtaiieei, tiiat tt fhe age of nineteen, he thoa indnlged in 
•peealatlon; bat It Is Tery fenuuktUe, bow soon he saw his 
and erer afterwaids nTvrfded it «^ that 1^ the iHegitimate use of 
8pecuUiti(»i|rHMyt having (to vse an e a qpt e sslon of his own) ** Us sonfce 
in ftcts and its tcmimation in experiments." Merely rc^parded as n 
phenomenon of mind, independent of the new facts and many inge- 
nious views wliich they contain, these Essays, I cannot help thinking, 
will always be held to be curious and jntorp<*tin£r, and deserving, in 
the way of reiit>ction, of the attention both of the student and of 
the pliilosopher.] 
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ON 

HSAT, LIGHT, AND THE COMBINATIONS OF LIGHT. 



A DESIRE of improvement, and a peculiar spirit of 
philoaophical investigaUoiiy productive of the greatest 
discoveries in the most important sdenees^ have 
eminently chancterised this centuiy* 

Philosophers, not contented widi examining the 
associations of those complex perceptions, to which the 
metaphysicians have given the name of abstract ideas, 
have obaerved nature, discovered ejects, and erected 
their dieories upon tnuns of connected flenaations^ called 
fiicts. 

From hence arises the snperioiitj of present philoso* 

phical systems ; though these systems are far from that 
perfection, whieh they appear capable of attaining by 
the new mode of investigation. 

The sdences have not been equally improved; those 
dependent for their existence on experiment, and the 
observation of physical pheenomena, though newly 
discovered, have made the moi»t rapid advaiiccb towards 
perfection. 

Chemistry, which arose hrom the ruins of i^chemy. 
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to be bound ia the fetters of phlogiston, has been 
liberated, and adorned with a beautiM philosophic 
theory* The numerous diacoyeries of Priestley^ Black, 
LaToisier, and the other European philosophers in this 
branch of science, afford splendid proo& of the increas- 
ing energies of the human luind. 

From the application of Chemistrj to the discovery 
of the laws of organic existence* mankind had hoped to 
derive the greatest adrantages ; firom this source they 
expected the perfection of physiological science; but 
their hopes have been in a great measure frustrated ; 
and if we except the theories of a celebrated medical 
philosopher, Dr, Beddoea, it will be found that chemistry 
has as yet afforded but little assistance in the cure of 
• diseases^ or in the explanation of the laws of oiganic 
existence. 

Our ignorance of Uie composition of organic niaiter, 
and uf the changes ejected in ihe blood by oxygen 
gas^ is a considerable source of the imperfection of 
medicine. A more intimate acquaintance with those 
important parts of chemistiy would tend, not only to 
the elucidation of that branch of ])iulosopliy, but lo the 
produf lion ot the most beneficial effects in medicine and 
physiology* sciences of the utmost importance to man ; 
BcienoeBy firom the perfection of which he may hope to 
eradicate a great portion of the physical and moral evil 
to which he is subject 

Light Las been heretofore httle coiLsidcied in che- 
mical theory ; its afriuilies have never been inves^tigated. 
A substance of the greatest importance to oiganic exists 
ence has been very little regarded* but in a physical 
view* as a stimulus, and as the source of the most 
numerous and pleasurable of our sensations. 

The planetary motious, those wonderful phaenomena, 
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and the Uwb by which ihey are governed^ appear to be 
designed for the ezprees purpoie of soppl jing the whole 
of the Bolar system with a certain neeessary quantity of 
light 

The general analogy of nature, the wondcrftil simpli- 
city of causes and complexity of effectSy would alone 
tend to prove that this substance is subservient to other 
purposes than those of vision and vegetation. &ice 
light and heat are nsaally concomitant, since there is 
rarely a considerable degree of one without the other, 
philosophers have questioned whether they are not 
cause and effect; and M. J.avoisier is one of these 
philosophenu He says:* <^La liiiniere» est eUe one 
modification du calorique, on bien le cslorique^ est il 
une modification de la ktmiere?* I have made an 
experiment which seenLs to demonstrate directly that 
light is not a modificatioD, or an eilect of heat. 



EXPSBIMSMT L 

A small gunlock waa procured, armed with an excel- 
lent fiint This lock was elevated by mcan^ of two 
iron ^rings on the stand of the receiver of an air^ 
pump. A slight iron wire was affixed to the trigger, 
brought throng a hde made in the centre of the stand, 
and cemented into the hole widi wax, so as to exclude 
entirely atmospheric air from the receiver. The receiver 
was exhausted, and the lock snapped ; but no light was 
produced. The receiver was filled with carbonic acid» 
and the lock again snapped, with the same result; no 
light was produced Small particles were separated 

* Traits elem«nt«ire. 1. 1. p. 0. 
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from the steel, which on microscopic examination 
evidently appeared to have imdeigone fusion.* 

If li^t was a modificadon, or aa efiect of heat, it 
must have been produced in this experiment; since the 
heat generated by collinon was sufficient to fuse steely 
a degree of heat much above that improperly called a 
while heat. 

Light then cannot be caloric in a state of projection. 

Nor can it be, as some philosophers suppose^ a vibra* 
tion of the imagbiary fluid ether. For even granting 
the existence of this fluid, it must be present in the 

exhausted rrceircr, and in carbonic acid gas, as well as 
in atmospheric air; and if light is a vihration of this 
fluid* generated by coUision between flint and steel in 
atmo^heric air> it should likewise be produced in the 
exhausted receiver, where a greater quantity of ether 
is present, which is not the esse. 

Since light is neither an effect ot" caloric, iior ol an 
etherial fluid supposed to be extended through sj)ace,t 
and as the impulse oi a material body on the oigan of 
vision is essential to the generation of a sensation, light 
is consequendy matter of a peculiar kind, capable when 
moving throogb space with the greatest velocity, of 

* [TUs he allevwavds doubted: vidt Bxtnet of a letter, &e. to Mr. 
Nicholaoo/' following th«ie Baiftyt, and hit ''ObeearmtionBOiitlieappeAr' 

ancefl produced by the (^ASUUm of steel with hard iHldfef.*^ 
t The philoMphen who support tliis opinion snppoee the universe a 

plcnnm ; amon^t these is the jrrcat ■Euk-r. It may not be arniss tn 
observe on tln'^ subject, tbat to suppose tlip universe a plenum, aiiU 
conftitiiti (1 ri {ili num by an elastic flnifl, is absurd. It is essential to 
tbc feia^ticity of a fluid, that it be capable of oorapression ; tliat is, of 
filling less space than it iKjfore existed in. JN'ow as difforcnt bodies 
cwnot exist at the same time in the same place, there must necessarily 
be a Toid space between the particlee of aa beetle fluid, such as ether f» 
aHWBoed to be, wblch orertnnii their bypoOierif . 
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becoming the aouroe of a numerous dias of our Bensa- 
tiona. 

Matter is possessed of the power of attraction. By 

this power the particles of bodies tend to approximate, 
and to exist in a state of contiguity. The particles of 
all bodies with which we are acquaintedf can be made 
to approach nearer to each other^ by peculiar means, 
that isy the specific gravity of aU bodies can be increased 
by diminishhig their temperatures. Consequently (on 
the sup])()sition of the impenetrability of matter) the 
particles of bodies are not in actual contact. There 
must then act on the corpuscles of bodies some other 
power, which prevents their actual contact; this may 
be caDsd repulsion. The phaenomena of repulsion have 
been supposed, by the greater part of diemical philoso- 
phers, to depend on a peculiar elastic fluid ; to which 
the names of latent heat, and caloric, have been given. 
The peculiar modes of ezistenoe of bodies, solidity, 
fluidity, and gasity, depend (according to the calorists) 
on the quantity the fluid of heat entering into their 
composition; this substance insinuating itself between 
their corpuscles, separritin^ them from each other, and 
preventing their actual contact, is» by them, supposed 
to be the cause of repulsion. 

Other philosopheis, dissatisfied with the evidences 
produced in ftvour of the existence of this fluid, and 
perceiving the generation of heat by friction and per- 
cussion, have supposed it to be motion.* 

* It was foreign to the design of this e&e&y to give tiie liibtory oi (he 
opinions of the different philoMphen on the caose of heat, as well as an 
accoant of the dURsrent experiments that have heretoJbre been made on 
it. The short Ttow of the phsanoinena of iqwiMon gtvea after the e«pe- 
limenti on tha emse of heat, is dedoeed firom the ezpeifmenti of Black, 
Crawlbniy and othen, eiperiments wbidi are tooivdl known by chemical 
philoeqpben to need qaotatkm. 

b5 
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Considering the discovery of the tnie cause of the 
fcpulsive power as highly important to philosophy, I 
have endeavoured to investigate this part of i*hfinii*fJ 
science by experimentB: from these experiments (of 
'Which I am now about to give a detail), I conclude that 
heat, or the power of repulsion^ is not matter. 



TBB PHWOMSNA 09 BBPUUION ABB NOT DBPBNDBNT 
ON A PECnUAR BLASnC PLUID FOR THEIR BXISTBNCE, 
OR CALORIC DOBS NOT EXIST. 

Without considering the effects of the repulsive power 
epi bodies, or endeavonring to prove from these effects 
that it is motion, I shall attempt to demonstrate by 

experiments that it is not matter: and in doing this, I 
shall une the method called by matiiematiciausy reductio 
ad absurduui. 

Let heat be considered as matter, and let it be 
gnmted that the temperstore of bodies cannol be 
in c ie asc d, unless their capacities are dimtnished from 

some cause, ui htui added tu tiicui irum some bodies 
in contact. 

Now the temperatures of bodies are uniformiy raised 
by friction and percussion* And since an increase of 
temperature is consequent on friction and percnssbn, 
it must consequently be generated in one of tliese 

modes. First, either from a diminutiou of the capaci- 
ties of the acting bodies from some change induced in 
tbem by friction, a change producing in them an 
increase of temperature. 

Secondly, or from heat communicated, from the 
dtcumpoiiition of the oxygen gas in contact by one or 
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both of the bodies^ and then trktiou must e^ct some 
change in tliem (simiUr to an mcfease of temperature), 
enabling them to decompose oxygen gaa^ and they most 
be found after friction, partially or wholly oxydated. 

Thirdly, or from a communication of caloric from the 
bodies in contact, produced by a chaii^rf^ induced bv 
iiiction in the actmg bodies, enabUng them to attract 
caloric from the surrounding bodies. 

Now fust let the increase of tempentore prodnced 
by friction and percussion be supposed to arise from a 
diminution of the capacities of the acting bodies. In 
this case it is evident some change must be induced in 
the bodies by the action^ which lessens their capacities 
and increases their tempenitureSi 

EXPERIMEKT IL 

I procured two parallelopi}>edons of ice,* of the 
temperature of 29°, six inches long, two wide, and two- 
thirds of an inch thick : they were listened by wires to 
two bars of iron. By a peculiar mechanism, their 
soiAoes were placed in contaet, and kept in a continned 
and viokiit triction for some minutes. They were 
almost entirely converted into water, which water was 
collected, and its temperature ascertained to be 35°, 
after remaining in an atmosphere of a lower tempera- 
tmre for some minnte& The fusion took place only at 
the plane of contact of the two pieces of ice, and no 
bodies were in friction but ice. 1 roui this experiment 
it is evident that ice by friction is converted into water, 
and according to the supposition its capacity is dimi- 

* The result of the cxpoi iimiit i-^ the samp, If wax, tallow, resin, or 
any substance fusible at a low tcmpi^raturo be used; even iruo may be 
fitsed by colUsioUj as is evident from Uic tirst experiment. 
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nished; bat it is a well-known &ct^ that the caftcitj of 
water for heat is much greater thm diat of ice; and ice 
must have an abaolate quantity of heat added to it, 

before it can be converted into water. Friction conse- 
quentlj does not dimim&h the capacities oi bodies for 
heat 

From this experiment it ia likewise evident, that the 
increase of temperatnns consequent on frictioQ cannot 
arise the decomposition of the oxygen gas in con- 
tact, for ice has no attraction for oxyj^en. Since the 
increase of temperature consequent on friction cannot 
arise from the diminution of capacity, or ozydation of 
the acting bodies^ the only remaining, supposition is, 
that it arises from an absolute quantity of heat added to 
them, which heat must be attracted from the bodies in 
contact. Then friction must induce some change in 
bodies, enabling them to attract heat from the bodies in 
contact. 

ExPBimiENT UL 

I procured a piece of clock-work so constructed lu 
he fiet to work in the exhausted receiver; one of the 
external wheels of this machine c ame in contact with a 
thin metallic plate. A considerable degree of sensible 
heat was produced by friction between the wheel and 
plate when the machine worked uninsulated from bodies 
capable of euminunicating heat I next procured a 
small piece of ice;* round the superior edge of this a 

* Tb« temperature of the ice and of surrounding atmosphere at ihv 
commencement of the experiment was 32°, that of tlie machine was like- 
wlM as'. At Um end of llw eqwilBMnt the tompentan of Um ooldeit 
pttt of the iras near 89^, that of tho lee and enmmiMllxig 

itnffffphffrft Hie hdw as at the eommeneement of the experiment ; ao 
that the heat pradneed by the Mellon of the diftrant parte of tfaema- 
ehlne was anAeient to imhw the tempexatnre of near half a pound of 
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•mall canal waa loade and filled with «ater« The 
maGhine was placed on the ice, but not in contact with 

the water. Thus disposed, the whole was placed under 
the receiver, (which had been previously filled with car- 
bonic acid,) a quantity of potash {i, e. caustic vegetable 
alkali) being at the same time introduced* 

The receiTer was now exhausted From the ezhans- 
tion, and fiom the attraction of the carboiuc acid gas 
by the potash, a vacuum nearly perfect was, I believe, 
made. 

Tiie machine was now set to w ork. The wax rapidly 
melting, proved the increase of temperature. 

Caloric then was collected by friction; which caloric, 
on the supposition, was commnnicated by the bodies in 
contact with the machine. In this experiment, ice was 
the only bodv in contact with the inacliine. Had this 
ice given out caloric, the water on the top of it must 
have been frozen. The water on the top of it was not 
frozen, conseqoently the ice did not f^ve out caloric. 
The caloric conld not come from the bodies in contact 
with the ice ; for it must have passed through the ice to 
penetrate the machine, and an addition of caloric to the 
ice would have converted it into water. 

Heat, when produced by friction, cannot be collected 
fix>m the bodies in contacl^ and it was proved by the 
second experiment, that Ihe increase of tempeiative 
consc(|uciu on friction cannot arise from diminution of 
capacity, or from oxydation. But if it be considcicci as 
matter, it must be produced in one of these modes. 
Since (as is demonstrated by these experiments) it is 
prodooed in neither of these modes, it cannot be consi- 
dered as matter. It has then been experimentally 

metal at least one degree, and to iMiiTttt e^tetn giaiiis of wax (tlie 
Suaatity employed) into a fluid. 
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demonstrated that caloric, or the matter of heat, does 
not exist 

SoUdfl^ bj long and violeiit fiictioii^ become ex- 
panded,* and if of a higher temperature than our bodies, 

ticket the sensory organs with the peculiar sensation 

kuown by the common name of heat. 

Since bodies become expanded by friction, it is evi- 
dent that their corpuscles must move or separate fiom 
eadi other. Now a motion or vibration of the eor- 
j^iudes of bodies must be necessarily generated by 
friction and percussion. Therefore we may reasonably 
conchido tliat this motion or vibration is heat, or the 
^ repulsive power. 

/ Heat, then, or that power which prevents the actual 
/ contact of the corposcles of bodies, and which is the 
canse of our peculiar sensations of heat and cold, may 

be defined a peculiar motion, probably a vibration, of 
the corpiihcles ot bodies, tending to sLpjuate them. It 
\ may with propriety be called the repulsive motion.! 



* BxptMlon bj ftiettoo it oommon to almoet all bodies ; and as the 

exceptions are Tcry few, it may be admitted aa a principle, i have found 

by experiment, that the metallic substance^, unci tlio solid combination* 
of hydrojron, carbon, and oxytjeji. TxToinr fTilarrrf! tn nil their ffiinen- 
sion^ vThen lioatti'd by fricticui, nnd I l)eHeve all othn- h Klies c:icept ice. 
in wliich a nc\v apposition of partidet, and probably a new repulsive mu- 
tiou take.H place. 

t Heat, in common language, signito Hud MnMtloii wliJdi accom- 
panics an Inefeaae of reiraUve motioii in any part of our ajratem. It 
dmld not ba aied iharefera Ibr tlia itptMwB motioa or OMiae of tliat 

Hw caloric of the Fraadi aomenolators la equally exceptionable ; lor 
having been geaeiany used to expreM the imaginary fluid, or matter of 
heat, it is now associated with, and genemUy eoggetta that idea, and 

would thus if used to express the repulsive motion, or caupe of ht^t, 
become n "mircf' f^f error. Words f»xprc««irt'j: comprtimd idcfi*;, !)ltoutd| 
when foimcil at will, express near as jxjssibie thf cuihimith n! ]>arts of 
these ideas, when they are known. The word repuUive motion is^ 
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Sinoe there eztata a repulsive moCiexi, the particles of 
bodies may be considered as acted on by two opposiiig 
ibreeSy the approximating power, which may (for 
greater case of expression) be called attraction, and the 
repulsive motion. The first ot these is the compound 
effect of the attraction of cohesion, by which the par- 
ticles tend to come in contact with each other, the 
attraction of grayitation, by which they tend to ap- 
proximate to the great contiguous masses of matter, and 
the pressure under which they exist, <ic pendent on the 
gravitation of the superincumbent bodies. The second 
is the efiect of a peculiar motoiy or vibratory impolse 
given to them, tending to remove them farther from 
each other, and which can be generated, or rather 
indeased, by friction or percussion. The effects of 
the attraction ot ( ohcsion, the great apiuoximating 
cause, on the corpuscles of bodies, is exactly similar 
to that of the attraction of gravitation on the great 
masses of matter composing the universe, and the 
repulsive motion is analagous to the planetary prvjectile 
force. 

Bodies exist in different states, and these states de- 
pend on the differences of tlie action of attraction, and 
of the repulsive power, on their corpnades^ or in other 
words, on their different quantities of attraction and 
repulsion. 

When the attraction predominates over the repulsive 
motion, the body exists in the state of solidity. In 
this state its particles are relatively contiguousi, con- 
sequently it exists in a relatively small space. It is diffi- 
culdy diviaihle by mechanical means ; and when divided, 

I believe, liable to no exception, I shall therefore use it to expre»» the 
.«ppanitin<r pow«r of the ooi]MMekft of bodies, nui the caiue of our leuM- 
tion of beat. 
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its parts being brought into apparent contact, are in* 
capable of aggregative union. 

When the som of the attractiona of all the coKpnades 
18 nearly equal to that of their repulsive motion, that is, 

when the attraction and repulsion are in c4|uilibrio, ihe 
body exists in the state of fluidity. In this state it is 
difficultly compressible, and easily divisible by mecha- 
nical meaofl^ and when divided, its parts being brooght 
into apparent contact, are capable of aggregate union. 

When the repulsive motion predominates over the 
attraction, the body exists in the state oigaziti/, or elastic 
fluidity. Existing in this mode, it fills up great space ; 
it 18 more easily divisible, and more capable of aggre* 
gative union than a fluid, and has the peculiar property 
of elasticity that is, of great diminution of volume by 
compression, and of expansion by abstraction of com- 
pressing forces ; so that its volume is in the inverse 
ratio of the compressing weights. 

There is another state which has been heretofore un- 
noticed} and in which only one body that we are ac- 
quainted with exists, namely light* 

In this stale the lepuLive motion predominates to 
such an extent over the attraction, that the corpuscles 
indelinitely separate with the greatest velocity, and ap- 
pear to be very little acted on by attraction or gravi- 
tation. This state may be called repulsive projection.! 

Eveiy body with which we are acquainted exists in 

* And probaUy odorcMu matten, u thej appear to [be ocntbraaUy 

flying off with gpreat velocity ttom bodies. 

t As this k a state of existence hitherto not particulariy noticed, It was 
thought proper to distinguish \\ from otlier states by a peculiar name. 

In tlii? ?tat€ the repulsive motion prcdnmirati"^ to such nn extent over 
the attraction, that the particles are project! d info ?pf\rr w itli tlie great- 
est velocity. The term repulsive projection will di?»iiaguish this state 
ftom others with ufficient accuracy, and from mechanical projection. 
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one of tkeae tMea, and appe«n aspMit of eiktiiig in 
^ther of them by the increase or diminulioii of the re* 

pulsive motion of its corpuscles. But thoii[^h these 
are modes of existence common to matter in general, 
yet it appears that all bodies have different quantities of 
attraction and repukiTe motion when existing in the 
same state. Diftxent sdids, flnids, and gasses are alike 
eminently different in their specific gravity, and this 
difference would induce us to suppose that the sums of 
the attractions and repulsive motions of their particles 
are different. 

When bodies expand^ we are certain that their re- 
pulsive motion is increased; when they contract* we are 
certain it is lUminished; and we have no other in- 
fallible tests of an increase or diminution of repulsive 
motion, but expansion or contraction. 

Bodies may have their repnkiye motion increased in 
three modes, 

first, By the transmutation of mechanical into re- 
pulsive motion, that is, by firiction or percussion. In 
this case the mechanical motion lost by the masses of 
matter in fiiction is the repulsive motion gained by 
their corpuscles. 

Secondly^ By the motion of chemical combinations or 
decompoation. 

Thirdly, From the communicated repulsive motion of 
bodies in apparent contact. 

The disposition in bodies to communicate or receive 
the repulsive motion, has been called temperature, and 
the temperatore of a body is said to be hig^ or low in 
proportion as it communicates or receives the repulsive 
motion. The powers to communicate or receive the 
repulsive motion, as well as the velocities of commu- 
nication or reception, are specifically different in dilier- 
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ent bodies, and, as ftr as we know, do not depend on 

the absolute quantities of repulsive motion, but on some 
peculiar atomic Ciinstitution now uiiknown to us. As 
it is found by experiment that the dispositioa of abnost 
all bodies to communicate lepuldTe motion is increased 
hj eyeiy addition of it as measored by ezpan8ion» and 
diminiriied by every sabtncdon as measoied by contnie- 
tion, the temperatures of bodies are generally made the 
meaFiiros of their relative qnantitios of re]nilsive motion.* 
Ihiierent bodies have their temperatures^ or their 
powers to communicate or receive repulsive motion 
diftrently increased by the addition, and diminished by 
the subtraction, of equal quantities of repulsive motion. 
This disposition is called, in the doctrine of caloric, 
their capacity for heat; but it might be named with 
greater propriety, their capability of temperature, for 
it has no relati<Ni to the absolute quantity of repulsive 
motion they are capable of receivings but only to their 
temperature. AH bodies, in fact, arc capable of any in- 
crease of repulsive motion, but have their temperatures 
differently raised by this increase, that is, have differ- 
ent capabilities of temperature. The body then, that 
is said to have the greatest capacity for heat, has the 
least capability of traperature, and vu» vena. The 
capability of temperature of bodies is diminbhed by the 
addition of repulsive motion, and increased by its snb- 
traction ; so that the capability of a body ia greatest 

• A peculiar sensation kiio\\ ii hy tlic naniP of lieat N fini-t quont on 
au increase of repulsive motiuii iii uny part of our bodii.^, utid au op- 
potlCe one called cold, on a diminution of it. The common mode of 
deUsrmliiing tiw nlattre qpianlitlet of npoklTa motlaa in bodiM, ti 
appealing to Umw MntKttoni. PUloeophy VMt the neiciirial tiier- 
mometer. Hie diicoTeiy of my mode of •eenimtdy determining tbe 
eontraetioiif and expandons of loUda, mradd be a great acqoiiltion to 
iolenee. 
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when flolidf less when fluid, and leaat of all when in the 
gaseoufly or lepulnTe projectile state. 

The capability of temperatme of bodiea likewise de* 

pends on the degree of pressure under which they exist. 
Wlii ii bodies are compressed, their capabilities are in- 
cxeased, and flieir temperatures raised; when pressure is 
removed from hodiea, their capabilitieB are diminished, 
and their tempefatores lowered. 

When bodiea in apparent contact communicate the 
repulsive motion, the motion gained or lost by one body 
is unifoniily ( 41U1I to that lost or gaiucd by the other 
body, as measured by temperature. 

When two similar and equal bodies are brought in 
contact, they acquire a common temperature by com- 
munication of their repulsive motion : and the common 
temperature is an arithmetical mean between ilic two 
original temperatures. When two unequal and similar 
bodies are brought in contact, if their temperatures are 
difierent, they will acquire a common temperature 
by communication, and the communicated repulsive 
motion will be consequently divided between them in 
pro]K)rii()n to tbeir cjuantities of matter. If two bodies 
ot different capabilities of temperature, and of different 
temperatures, be brought in contact, they will acquire a 
common temperature, and the communicated repulsive 
mention wiU be found divided between them in propoi^ 
tion to their quantities of matter, and their capabilities. 

When bodies combine chemically, it generally" hap- 
pens that the capability of the compound is ditierent 
from that of either of the constituents. Hence in che- 
mical combinaticms, the capabilities of bodies are either 
increased or diminished. When the capabilities of 
bodies are iiicicased by elicmical combination, the tem- 
perature of the compound is greater than that of the 
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constituents. When the capability of tlie compound is 
less than that of the consdtiieiiteb its tempexature is 
dimiiudiedL 

To ascertain the causes of the increase or diminution 

of temperature consequent on chemical combination, is 
by far the most difficult part of the philosophy of heat. 
For we are hardly able to distinguish the increase of 
temperature in bodies generated by the motion of com- 
bination, fiom that geneiated by increase of capability, 
and the motion of combination interferes with the dimi- 
nution ot temperature, from diminution of capability; and 
chemical processes are in gencr.il so complex, that we can- 
not distioguish between the increase oi repulsive motion 
from composition, and that arising from deccHnposition. 

We haye every reason to suppose from the foregoing 
experiments and observations, that the repulsive power 
of bodies is a peculiar inoLury impulse. To distinguish 
this motion trom others, and to signify the cause of our 
sensations of heat, &c. the name repuUwe motUm has been 
adopted. 

On the theoiy of caloric, a peculiar elastic fluid was 

supposed to exist between the particles of all bodies ; 
and the peculiar modes of existence of bodies, that is, 
solidity, fluidity, and gazity, were supposed to depend 
on the different quantities of caloric entering into their 
composition. The elasticity, that is, the compressibility 
of tUs fluid, has been universaUy admitted, and the com* 
pressibility of the gases has been supposed to depend on 
the compressibility of their caloric. 

Now since caloric is supposed compressible, that is, 
capable of having its volume diminished by pressure, its 
pMrtides cannot be in actual contact; there must cmise- 
quently act on them some power which prevents their 
actual contact, that is, the repulsive motion. So that 
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to admit the existence of an imaginaiy fluid in confor- 
wity to the abroid axiom, boeUet eatmot act where 

are not, is in hct the solution of a small difficulty by the 
creation of a great one. After all, a principle must be 
admitted, (that is, repul8i(m) ; to do ai/vay the necessity 
of which, caloiic has been invented. 

On the theory of repulflive motioiit it is evident that 
the gases (which M. Lavoisier and the Fxench nomen- 
clators have assumed to be simple substances combined 
with caloric) must be either simple substances in the 
state of elastic fluidity, or combinations of two or more 
simple substances. Hydrogen and nitrogen gas we 
have not yet been able to deoompose ; they are then 
relative to the present state of oar knowledge, simple 
substances. Oxyg( u gas, as will be hereafter proved, is 
composed of light and oxygen. 

Since the word gas adopted by the French nomen* 
dators is intended to express the chemical combination, 
or rather the saturation of bodies with oaloric, it is 
doubtless exceptionable. The following arguments will» 
I think, prove that it ought not to remain in the che- 
mical nomenclature. 

For first, bodies^ when rendered firom solids to fluids, 
fi!om fluids to gnses^ are not essentially altered, their 
corpuscles are ftrther sepaxated, that is, they move in 
greater space than before; but the body is equally 
simple, it has imdergone no decomposition or combina- 
tion ; the word then that expresses the chemical combi- 
nation of bodies with caloric is improper. 

Secondly, All bodies with which we are acquainted 
have certain quantities of repulsive motion ; and they 
have different modes of existence dependent on theur 
quantities of repulsive motion. The most common of 
these modes are solidity, fluidity, and gazity ; in each 
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of these states the bodies are equally simple. The state 

ill wliicli they are found at the common temperature of 
the atmosphere, is the state from which they derive 
both their common and philosophic names. Now the 
French nomendatora have called all simple aubatancea 
(the gases excepted) by their common names, without 
making any alteration to express their combmadon with 
caloric. They have called all the metals, which are 
ct4[>able of existing like other bodies, in three states, hy 
their common names ; and on their own principles these 
bodies are combined with caloric. They should there* 
fbte have distinguished them by names expresnng this 
combination, and have called gold, mercury, and sul- 
])hu] , solid gold, fluid mercury, and solid sulphur, for 
the same reasons that they have given the names of hydro- 
gen and aaotic gas to the mephhic and inflammable airs, 
which are probably metals in the state of elastic vapour.* 
Thirdly, Those substances which have been called 
gases, uniformly exist in the state cf elastic fluidity, at 
the common temperature of our planet. Sinijile names, 
without the addition of gas, would diaringiiish them 
fiom all other substances. With the same propriety 
that we use the term hydrogen gas in chemistiy» we 
might make use of the terms^ solid gold, fluid mercury, 
and fluid alcohol. In treating of the changes made in 

* [This idea he afterwards often reverted to. The following remarks 
relating to it occur in a Lecture of 1806. — Concerning the aspect of 
hydrogen and nitn^;cn, could they be obtained in the solid or fluid form 
it is impossible to reason, since there is no probability that wp sball ho 
able to condense or compress them into these states ^ but their clastic 
fonn is no pixwf that their nature is not metallic. Mcrcnry, ziur, and 
araenic, are all aeriform bodies at tiie red lieat ; and ut ihiB tempcraturt , 
M I hire IboBd by sereral experiments, they are like the other gase», 
non-coiMiiicton of etoetricity ; they are in diort, peculiar tpecict of 
faiiiamsMe air."] 
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bodies by the lepulsiTe motion, we may with propriety 
lue the terms solids fluids and gaseous, to express the 

different modes of existence of the same \)ody. But 
simple substances should be distinguished by names 
characteristic of their properties; compound substances 
should be distinguished by names expressive of the 
combinatioD^ that is^ of die substances fonning the 
compound. In conformity to these principles, I shall 
omit any names siguil \ ing the peculiar modes of exist- 
ence of bodies ; treating of substances^ I shall give them 
their simple names!, and by these names I mean to 
express the state in which they exist at the common 
temperature of the atmospherOi As for example, in 
using the words gold, mercury, and hydrogen, I mean 
solid gold, Hiiid mercury, and gaseous hydrogen. Oxy- 
gen ga^ (which the i^ rench nomenclators have assumed 
to be oxygen combined with caloric) will be proved to 
be a substance compounded of light and oxygen. It 
would be highly improper to denote this substance by 
either of the terms oxygen gas, or oxygen. The one 
would signify that it was a simple suljstance combined 
with calonc^ the other that it was a simple substance, 
the acidifying principle. The term plumjn/f/en (from 
light, o(vt add, and ytmfrmp generator) will I think 
be unexoeptiwiable; it will express a chenucal combi- 
nation of the simple substance light, with the simple 
substance oxygen ; it will not materially alter the 
nomenclature of the French philosophers ; and as will be 
seen hereafter, it can be easily modified to cxprcs?^ in 
coi^unction with other words, the combinations of light 
aad oxygen** 

* [ftefening to the turn tenns which he hid UMd In Umw emyt, 
■hortly after their imUieatimi, he lemarka *.'— ^ I would with to obeenre, 
thet BoafltetatioB of dugoMty Indvoee me to we s new nooieiielataie. 
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OF LIGHT. 

Light is a body in a peculiar state of existence. Its 
particles are so amuziiii^^ly minute, that they are very 
little aiiected by gravitation ; and pass unaltered through 
the pores of diaphanous bodies. They move through 
space with • Telocity almoet inconceiTable^ aod com- 
moxiicate no perceptible mechanical motion to the 
smallest perceptible paiticles of matter.* From the 
peculiar velocity ut light we estimate its quantity of 
repulsive motion. The ioiluence of the attraction of 
grayitation on light is veij small, as is evident fiom its 
not apparently gravitating towaxds the son or the earth* 
The influence of the coherive attraction on its particles 
is likewise very small, as is evident from tlicir unitbrm 
separation, &c. ; but the repulsive motion actinj^ on the 
corpuscles of light is very great, as is apparent from their 
velocities^ and continual separating motion. But as we 
have said before, the distances of the corpuscles of bodies 
from each other, and the velocities of their motions, are 
in a ratio compounded ot" their repulsive motion and 
attraction. When the repulsive motion eminently pre- 
dominates over the cohesive and gravitative attraction, 
the particles of matter will indefinitely sepaiate, as those 

theoiy or ftmngenieiit of ft«l8 depend* altogielher on langiiagc, 1. o. in 
applying eertein genenl temi to a nnmber of elmller Ideas, or iiadlftr 
trains of Ideas; eo m seqnently there cannot weQ be a new theory wHhont 
n new nomenclature. TUl my experiments on beat and light are 
rendered inconehislTe, by numerons eontradletoiy ftets, or esp«riments, 
I consider myself as entitled to use my present nomenclature for tho 
combinations of ligbt.''*Nicboison's Joornal, 4lo. vol. iiL p. 66.] 

* It wUl 1)0 liy and by proved that tiiqr commnnlcate ptHrtions of 
their repaUTe motion to the coipnsdce of bodies. 
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of light To distingiuak this state of existence, peculiar 

to liglit, jBfom those other bodies, we have given it the 
name of repulsive jjro/rcfion. 

Light is the source of the most numerous and plea- 
surable of our perceptions. This tribe of perceptions 
is thus received; particles of light in the state of repul- 
sive projection coming in contact with the retina, com- 
muiiicatc tu ii portions of their repulsive motion. The 
retina a}>pears to be composed of nervous inoduUa and, 
as some suppose, of irntcible fibre. The communicated 
motion of light either stimulates the irritable fibre into 
oontractiony which contraction is accompanied with that 
aflection of the nerve corresponding to' a sensation : or 
the motion of light communicated to the nerve itisclf ' 
produces the sensorial affection. The former of these 
opinions is rendered probable by the experiments of 
Dr. Darwin on ocular spectra.^ It is then necessary to 
our perceptions of light, that it exist in its peculiar state 
of repulsive projection; we consequently cannot perceive 
it by vision in any other mode of existence. 

It a|>]U'ars from experiiiiciit that our sensations ot' 
visiuu are occasioned by the united impulse of a number 
of particles of light both synchronically and successively 
ftlliiig on the retina. All our different sensations then 
must arise from differences in the particles of light, their 
motions and numbers, or from differences in some of 
these. 

Light passing through diaphanous bodies, is attracted 
by their particles, and the attraction of the particles of 
bodies for light is proportional to their density and com- 
bustibility. The laws of the attraction of diaphanous 

bodies for li^ht arc ihc laws of refraction which have 
been so admirably explained by the immortal Newton. 

* See tti6 end of Darwin's Zooii0mia,Tol.i. 
VOL* IL C 
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He diacoYered that the ptrticies of solar light are uot 
equally attracted in paaiii^ through difieient bodies : 
they are differently refracted in paaaing through the 

prism, and separated into seven classes of particles that 
produce the sensations of red, orange, yellow, green, 
blue, indigo, violet This diBercuce is easily accounted 
for, by supposing that the particles of li^t in taking the 
state of repulsive projection, originally received a dif- 
ferent repulsive motion. The red particles being sup- 
posed to vibrate with the greatest velocity, must be least 
attracted bv the particles of the medium thiDuiih which 
they pass; the violet particles moving with the least 
velocity, must be most refracted, and the di£^nt 
velocities of the intermediate coloring particles being 
supposed, their different refractions must be comspon- 
dent, which is found to be the case. 

Light is reflected from bodies that it cannot penetrate 
or combine with. The sensations we receive from ie-> 
fleeted light are eminently different A coirespondence 
has been long observed between the colors of bodies, 
and the increase of repulsive motion in them from the 
action of light. This correspondence is a subject of 
great importance to physical science, and worthy of 
investigation. Heat has been proved to be a peculiar 
repulsive motion of the particies of bodies. XJght is a 
body, the particles of vrhich are acted on by the greatest 
repulsive motion. When a body has its repubive motion 
increased by the aelion uf light, a portion of the repul- 
sive motion of light must be lost, a portion equal to 
that gained by the body acted on ; this is evident from 
'What has been said on the communication of repulsive 
motion in tlie doctrine of heat 

To determine accurately the corre?*pondence between 
the increase of repuibive motion in bodies from the 
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action of light, and tlieir colore, I made the foUowing 

experiment : — 

Sbc nmikr pieces of copper,* of eqoal wei^t, die, 

and density, wefe thus colored, one white, one yellow, 
one red, one green, one blue, and one black. A purtiou 
of a mixture of oil and wax, which became fluid at 
about 76^, was placed on the centre of each on die 
inferior aide. Tliey ireve then attached to a board 
pttnted wbite^ and so placed witH regard to the ami, 
that their upper surfeees were equally exposed to the 
light. Their interior surfaces, to wiucli the cerate was 
attached, were equally deprived of light and heat, that 
is, they were so exposed that there could be no mis- 
take with regard to the repulsive motion generated in 
them the actloii of light. The changes of temperature 
in them from the action of H^ht, took place in the fol- 
lowinsr <)r<]i'r. The cerate on the black plate began to 
melt perceptibly bctbrc the rest, the blue next in order, 
then the green and the red, and lastly the yellow ; the 
wiiite was acaicelj at all affected when the black was 
in a complete stale 4sf iision. 

This experiment proves that the increase of repnlsiTe 
motion in bodies from the action of light, is great in 
proportion as the colors are dark. Now as our sensa- 
tions arise from the united impulse of a number of 
partides on the retina, in fNroportion as the yibratoiy 
motions of these particles are greater or leas, so in pro* 
portion must our sensations be different. 

It does not appear that reflected ligiit is in any 
instance composed of particles that have equal quantities 

* Bsdi a eabieiadi tqwre, and two laact tUck. 

C2 
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of repulflive motion; the difierenoes of senaationB there- 
fore most probably ariBe from the differences occasioned 

in the vibrations of all the particles, from their commu- 
nicating to the reflecting bodies portions of their repul- 
sive motion^ and not from the communicatioa of the 
greater portion of that of some of the particles^ that is, 
of those which are supposed in the Newtonian system to 
be absorbed. On this supposition the light reflected 
from wliite bodies (which may be said to liavc the least 
capability of subtracting the repnlsive motion of light ) 
must vibrate with the greatest velocity, that is, must be 
reflected nearly unaltered. The particles reflected ftom 
dark bodies (which may be said to have the greatest 
capability for receiving the repulsive modon of light) 
coniiuunicating great portions of their repulsive motion, 
must vibrate with the least velocltv, and all the inter- 
mediate colours may depend on the difi^erent velocities 
of vibration. Their vibrations^ though of difierent 
lengths, may be isochronous, and all the particles may 
pass through rectilineal space in equal times. 

Foodies perfectly black must subtract so much of the 
repulsive motion of light, as to deprive it of its repuUivc 
projectile form. The electric fluid is probably light in 
a condensed state, that is, not supplied with the repul- 
sive motion sufficient to give it repulsive prujcction. 
Its chemical action upon bodies is nmilar to that of 
light, and when sup])lie(l with repulsive motion bv fric- 
tion, or the contact of bodies from which it is capable of 
subtracting it, it takes the repulsive projectile form, and 
becomes perceptible as light* 

• [SooM ftcti MoeaUy diioovered ml^t be addnoed ia ftvoor of the 
ebore view,— especially the leenlts of H r. PeeneeU'^e ezperimenti on 
fhe property which belongs to eleetridty of Imputing photphomoenee to 
hodiei. He ftmnd that many bodtef not pboephoiefeent might be fen- 
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Though the temperatiire of the atmoBphere, which is 

tbuiul proportional to the light passing through it, may 
in some measure depend on the repukive motion coni- 
mimicated to it by opaque colored bodies ; yet it is rear 
flonable to mippoee that the partidea of light in passiiig 
.through the atmosphere, lose small portiobs of their 
repulsiye motion, which is the great cause of the atmo- 
spheric heat. Water, glass, and other transparent bodies, 
are capable of having their repulsive motion inc leased 
by the action of light ; and light in pas^ng through them 
becomes coloured independent of decomposition. A 
body perfectly white appears colored in deep water^ and 
Dr. Halley, when in the diving bell, found that his hand, 
exposed to the solar light, became of a deep red. Is nut 

deied to, bj paasliig Haooffik tiiem an electrical dSichaigej— and that 
bodies deprived of phocplioraieenoe from tlie dftct of heat,— fecovered 
tiMir phosphoreieence or pemet of emittbig Ught bj behig deetrilled.]— • 
Annaies dt Ckbuie et Phys. torn. 49. 

[The idea ejcpressed above of the conversion of light into the electric 
fluid was amplified by the author in the original text ; — thii?, he 
remarks : — " It is extremely probable that tlie great quantity of this 
fluid almost cverj' where diffused on our earth, is pro<lueed iroia th»! 
condennation of liglit, from tlic subtraction of its repulsive motion by 
black and dark bodies. Tbia fluid continually formed from the conden- 
sation of light, is probably again supplied witii reptUatre motion at the 
poke, by the reri^atlon of the earth on ite axis, and given olf hi the 
iSofin of repablTe prqfeitile liglit, whilst a qnantity eqval to tliat given 
off from its equiUhmting prindj^ls siq»plled oontinnally from the other 
parts of the globe. Hence the phRnomenon of tiie aurora boreaUs, or 
northern lights. No more sublime idea can be formed of the motions 
of matter, tlian to mncrivc that the different species are continually 
changing into each other. The gravitative, the mechanical, and the 
repulsive inotirm", appmr to be coutlmially mutually prodncintr ♦ ach 
other, and froiu these changes all tb<' j>b!enomena of the mutation of 
matter probably arise." Such vagUL-ne&s of generalization was very 
characteristic of his "infant speculations," as was also the direction in 
the errata to stiike oat the passage, of the rapid progress he was then 
making to a sounder logic] 
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the blue colour of the air a proof that the repulsive 
motion of li^t jb diminished in passing throo^ it ? 
May not the atmoepheric temperature, and the refraction 

of light in it be in a great measure owing to the water 
held in solution bj the air, for the temperature is lower 
in proportion as we advance higher in the atmosphere^ 
and ndfiractton does not take place above forty-five miles 
high, and we are certain firom die phenomena of fiery 
meteors, that the atmosphere extends at least as high 
again. 

On the above mentioncKi supposition, all our infinitely 
different aensaticms fixmi refiected light must arise from 
differences in the numbeia and repulsive v^ocities of 
the particles, and all light, if we may appeal to our 
sensations, must be in some measure altered both by 
reflection and retraction. 

Bodies that do not contain light in combinatioUf and 
that are incombustible^ under certain circumstances 
become luminous. 

To discover the cause of the luminous appearance of 
incombustible bodies, it is necessary to consider the cir- 
cumstances under which it takes place. When glass, 
silex, ai*gilj a metallic oxydj or any other incombustible 
body, is exposed to a strong light, as the focus of a lens, 
its temperature is gradually raised, that is, its repulsive 
motion is increased. After a certain time it becomes 
kuuinous, ^vhire, or red hot; and if it be now removed 
out ot the locus, it coutinues tor some time to ^\\e out 
light, and to communicate repulsive motion to the sur> 
rounding bodies, till the equilibrium of temperature is 
restored. 

Now when bodies liavc their rcpidsive motion in- 
creased by the action ot' light, it is evident that the 
motion gained by the body is that lost by the hght i 
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and as a certain quanti^ of xepulaiTe modoo is essential 
lo ita tepokiTe proje^ooy it muat, after comiderable 
communication of repokive modon^ cease to exist in 

that state. In its new state of existence it is probably 
not perceptible to any of our senses. We therefore in 
this case can only reason from its effect^. The body 
continues for some time to give off light, after being 
remored out of the fiwus ; light therefore must have 
been condensed in some form around it» and being gra^ 
dually supplied with repulsive motion from the body, 
flies off slowly in the repulsive projectile form, becomes 
perceptible as light, and is the cause of the peculiar 
sensation known by the name of red or while heat.* 

Frcmi what has been said, it is erident that light, 
both in the state of repnlsive projecdon, md in the 
form of the electric fluid, perlbrnis an important part 
in the physical phasnomena of tlie universe. In any 
other states than thm, we have not hitherto been able 
to detect it by the senses; but we know not what 

* This theory of the luminous appearance of incombiiftible bodies 

may be comparrd witli Macqucr's and Newton's. Foureroy says, 
'* L'incandescence dea corps incombu«tiMc?, tellf's que Ics pierrf*' dans 
lesquelles on ne pent point adim ttre la presence de la luinit rt' (^»]iitiiiiee, 
au moins conime dans I s cm jh mcoiabuatibles, a ^to expli^uec, d'une 
maniere trcs inifeuiust- pai Macquer. Sidvant re chcmiste, elle depend 
dca vibrations fortes, excitccs dans les moleculea de ces corps par la 
chalenr ; ces Tibrationfl dispose les particles de torte que lew flwettce, 
aaos cene egiteee font autant de petit mlrain qui lefledUsaent ren not 
yens lei nyofw de Imnlaey qui cxbteiit daae Fair pendaat la mdt 
antant que pendant le jonr, et qui ne lont Ineeniiblet, et ne prodnifent 
lee tenebres qnepareeqne knr direction neseftit pea snr Ice enganes de 
la me."— JWeroy, .Bbm. t, 1. p. 1S7. 

Hie immortal Newton says, Do not all bodies when heated beyond 
a certain degree emit light and shine, and Is not this emission performctl 
by tin' vibrator}' motions of their part^," ko. — See f^, nnd 10 queries 
at the end of his optics. The first expenment appears to oy^tom the 
fonndation of these theories. 
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wc may be enabled to accomplish by means of a more 
extensive and philosophic chemistry. A number of the 
elements are already in our power, and the rapid pro- 
gress of the pcrtcctioii ot science seems to promise us 
the knowledge of those etherial fluids^ which at present 
elude the petcepdon of our oiganSi and are only known 
by their efCects.* 

The chemical effects of light are not less important 
than the physical. Its combiii;itif>ns, hitherto almost 
unnoticed, have the highest comiection (as will be seen 
hereafter) with organic existence ; and the most as- 
tonishing and beautiful of the chemical phsenomena 
depend upon them. 

Light enters into the composition of a number of 
substances. In some of these, the incombu>iil)le phos- 
phorescent bodies, it most probably exists in a state of 
loose combination^ and the presence or absence of light 
does not appear to alter their properties materially. In 
pfwsoxygen (oxygen gas) it is intimately combined with 
oxygen. 
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OF PHOSPHORBSCBKT BODIES. 

Certain bodies^ sfter being for aome tune exposed at a 
high temperature to light* continue luminous for a con- 
siderable length of time after this exposure. Such are 

many preparations of lime, the bologniaii stone, Sec, 
This ph£euomeiion is in some measure aaalugous to the 
ignition of incombustible bodies, 

Lighty it appears^ is only susceptiUe of combining, 
and of remaining in combination with those bodies at a 
higher temperature than that of our atmosphere ; at the 
comuion teniperalure it is liberated. 

The name of solar phosphori has bceu given to these 
bodies, in common with all others that become luminous, 
independent of combustion. 

Other bodies exist, which become luminous when 
their repulsive motion is increased by comuiuiiicatiua 
ot it from some Itodies of a hinlier temperature. Light 
remains in combination with these bodies only at a low 
temperature. When their repulsive motion is increased^ 
the light is liberated. This decomposition appeals to 
arise from the diminution of the chemical attraction 
between light and the budy, by the repulsive motion, 
and from the supply of a quantity of it suthcient to 

c 5 
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enable light to % off in the repulsive projectile foim 
Amongpt these bodies are the d^rent combinatioiis of 
lime, and particularly the fluate, (the colours of which 

appear to depend upon cuin'omed light,) ditiereiit cuiu- 
binations of barytes, the sul[)iiatc of p<)ia>li, -iome of the 
metallic oxjdsy cotton, wool, oiisy waz» alcohol, ^ 
We owe the disooiveiy of the greater niunber of these 
phosphorescent bodies to Mr, T. Wedgwood** We 
have found that the sulphate of strontian^ on an increase 
of temperature, gives out a pale \v^ht. 

Tiiere ih a class of phosphorescent bodies, which give 
out their combined light on attrition* Amongst these 
are borate of soda, sulphate of argil, tartrite of potash, 
and all the siliciouB daas of stones.f Thk phos- 
phorescence may be accounted for in the same manner 
as the bust species. 

Certain substances give out their combined light on 
immersion into the mineral acids. When magnesia :( is 
thrown into the sulphuric acid, a lig^t is liberated 
which produces a sensation nmllar to that known by 
the name of red heat. The same cft'ecL ib produced 
when the nitric acid is used. 

Durnig the combination of lime with the mineral 
acidfl^ a flash of white light is uniformly perceived ; the 
same eflect is not produced during the combination of 
strontian and barytes with these acids. 

This pha'uuiiienon appears to be owing lx)th to the 
attraction of the acids, and to the repulsive motion 
generated during the combination, a motion sufficient 

* See fait tngenlout pqwr In Hie PhO. Traat. for 1702. 
i Forsfnilteaooowitof tlm bodicii tee the Mane ptper of Mr. T. 
Wedgwood. 

% I was Informed of tills phanomenon by Dr. Btddoes^ who bad pre-> 
Tknwij witaeesed it sereval times. 
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to give to the combined light repulsive projection ; for 
lime and mwgtmiA become luminous when heated, 
which is not the case with strontian and baiytes. 
It is prohaUe that some of the comhnstihle bodies are 

phosphorescent From an experiment of the Dutch 
chemists it apj>cars that sulphur in its common state 
contains light. This experiment, wliich has been the 
sabject of much speculation, has been seTeiml times 
repeated by Mr. Clayfieid,* (and once in my presence) 
with results different fiom those mendoned by the ctis- 
covcrers. When copper and sulphur cautiously freed, 
aud included from ])hosuxvgen (oxygen giisj were made 
to combine by the heat of an argaud lamp, a luminous 
appearance vtbb perceived during the combination^ and 
a considembie quantity of an inoombustiUe ga% mingled 
with sulphureous acid, was liberated. 

Pliosphoms appears to contain light. Mr. Claytield 
has often made me observe, duririLC the combination of 
phosphorus and the earths, a hue vivid light, wherever 
the phosphoric TSfxmr came in contact with the earths 
heated red. 

The supposition that the combustible bodies are 

plios|ih()r('^c'cnt, inav m some uicik^ure reconcile the 
phlogistic and pneumatic theories with each other. 

The phosphorescence of certain insects and putrifying 
animal substances will be treated of in the theory of 
respiration. 

All the above mentioned phssnomena equally take 

place in any gas, and appear to be perfectly independent 
of combustion. 

* It is to lx> hopMi tUat tliii iogetUQUS chemi«t wUl aoou pubiibh a par* 
ticiilar iMxouut ui it. 
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OF PHOeOXYGEN, OB OXYQBN GA0. 

This gas (fint discovered by the immortal Priestley) 
the great Layoister supposed to be oxygen combined 

with caloric, iiud oa this 8U})potiition his theor\' of com- 
bustion is founded. Tlie non-existence oi caloric, or 
the fluid of heat, has been proved, and the materiality 
of light demonstnted. 

Light is liberated during the oxygenation of certain 
bodies, as the foUowing experiments will prove* 

EZPBRIMBNT V. 

The lepnlsive motion of carbon in contact with 
pbosoxygen (oxygen gas) was increased by a burning 

glft8«, till it became luminous ; the carbon was rapidly 
dirninishcd with the liberation of a (j^reat quantity of 
light; the temperature of the glass globe containing the 
phosoxygen (oxygen gas) was very much increased, and 
a very small duninution of weight* was perceived. 

♦ The following rnofic of ascertaining the dimin\itio?i of wciirHt wrt?* 
a(loi>tod in the^ cxpci nri< nts. The combustible bmiy w -^l^]M•n^k'(l ia 
a small earthen cap, m h glaas globe filltHl with jilio^nwL'^'n. Thisi 
globe vf&a heated to dry it perfectly, attaclied to a buluiice, and accu- 
rately weighed before eombmiion. The combiutlble body was fired by a 
Vuniing-glaiS. Dmliig combiutkm the globe always rapidly ascended 
from the lareAetloik of the flniroimding atmosphere. AfUr oombnstkm, 
when the oommon tempemtoM was restored, there appeared an evident 
mall dimlniitkm<tf weight. TUa dimfamtion was too small to be exactly 
ascertained by the balance I made nse of, and ttppeued to be di£fitrent 
in different proeessea. 

[It is hardly necessary to observe, that in this and the following in- 
stnnepo, in which it was Piippo«ofl that there was a lofs of woitrbt from 
the emission of light in coinbusl ion, llic nnthnr wn" in * i riPi , j)robably 
deceive<t by the imperfection of iiis ap|>aratiu and mode of experi* 
menting.J 
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The phosoxjgen (oxygen gas) and carbon were almost 
entirely oonsamed, and a quantity of carbonic acid was 
iformed, apparently nearly equal to the carbon and 
phoeozjgen. 

Experiment VI. 

The temperatnie of phosphorus in contact with 
phosoxygen was raised by a burning glass: it imme- 
diately became luminous. An immense quantity of 
light was liberated, and the temperature of the sur- 
rounding bodies very much increased. A deficiency of 
weight was observed, a deficiency more considerabie 
than I have found in any other combustible process; 
and phosphoric acid nearly equal to the phosoxygen and 
phosphorus was formed. 

EXPEBIMENT VIL 

. Sulphur was heated in phosoxygen. It nq[>idly dimi- 
nished with the liberation of a great quantity of light, 
and great increase of temperature in the sunounding 

bodies. After combustion a small deficiency of weight 
was found ; and sulphuric acid nearly equal to the 
sulphur and phosoxygen employed, was formed. 

£XF£IUM£MT VilL 

The temperature of li\ drogen in contact with phos- 
oxygen was raised. The gases were diminished with 
great liberation of light, and great mcrease of temperar 
ture ; and water nearly equal to them was formed* 
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£XP£EIM£NT IX. 

Zinc was heated in contact with phosoxygen; it 

became liiniinoiis, and was consumed with a white bril- 
liant flame. The substauce remaiuiug after combuiition 
was white oxyd of Zinc. 

EXFERIMRNT X. 

A small gun-lock, armed with an excellent lliut, was 
snapped in a vetisel tilled with pbosoxygen. The 
sparks of light arising from the particles of steel sepa^ 
rated by coUisiony weze the most brilliant that can be 
imagined ; and these partides examined by a magnifier, 
were found converted into black oxyd of iron.* 

From these experiments, it appears that in the 
chemical process of the formalioa of many oxyds and 
acids, light is liberated, the pbosoxygen and combus- 
tible base consumed, and a new body formed, with pro- 
perties essentially dilferent from the sobstances entering 
into the combiii alien. Since light is Ubcratcd In these 
processes, it is eviilent that it must be liberateii either 
£rom the pbosoxygen or from the combustible body. It 
appears^ as we have before said, that small portions of 
light are contained in some of the combustible bodies ; 
but it appears to be accidental, and common to them 
with incombustible bodies ; for their properties are not 
apparently altered when it is driven from them by 
increased repaLuTe motion; and we have no reasons for 

• Tliiti experiment, comparcil with the first, will ufCord a stronipf proof, 
not only of the compositioa of pliosoxygen, but likewise of the doctrine 
of repuliive motion. 
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supposing that carhon, hydrogen, or anj of the metals 
contain the smallest portions of li^ht. 

If the light liberated in combustion be sappcwed 
(acooidiiig to Macqoer^ and Untton's theories) to arise 
fiom the combiia^lile body, then phoeoxygen must be 
considered as a simple substance ; and it follows on this 
supposition, that whenever phosoxygcn cotnhiiu s with 
combustible bodies, either directly or by attraction trom 
any <^ its combination^ light must be liberated, which 
IB not the case, aa carbon, iron, and many other sub- 
atanoea, may be oxydated by the decomposition of 
water, without the liberation of li^ht. 

These expcaiincnt^ will a])| )car more conclusive when 
the synthetic experiments are considered, and the whole 
theory examined. It appears that whenever bodies 
simply combine with oxygen, light is liberated. There 
are bodies that combine with oxygen and pordons of 
li^lit, as \\ ill be hereafter proved, and others that com- 
bine with pliosoxygen. 

Combustion is a complex chemical process. The 
decomposition of phoeoxygen by the attraction of a 
body for oxygen* The l^ht is generally liberated in 
the repulsive projectile form, and the oxygen combines 
with the attracting body to form an ox yd or acid. The 
great increase of temperature arises troin the diminution 
of ca{»citj in the combining bodiee. from the rcpukive 
motion generated doring the combination, and from the 
concentrated liberated li^^t. 

It is probable that there are some deeompositions so 
slow, that the generated repulsive motion is not 
sufficient to give to light repulsive projection. A few 
metallic oxydations appear to be of this natnre* 

The light liberated in different combostive processes 
asBomes very different appeanncee. Daring the com- 
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bustion of bodies that remain solid or fluid at the tem- 
perature of combination, the sensatioa given by the 
liberated light is that which has been called a red or 
white heat If the cambustion proceeds but slowly^ the 
red heat is produced, if more rapidly, the white. In 
the cornbiistion of bodies that are gaseous, at the tem- 
perature of coinlii nation, the sensation known by the 
name of iiame is produced by the liberated light. These 
different sensations depend, most probably^ on the 
rapidity of combustion. The light must be liberated 
slowly when phosoxygen is decomposed by solids or 
fluids, and much more rapidly in the decomposition of 
gase?. 

The differences in the colors of the hberated light, 
must arise from different repulsive velocities given to 
the particles. 

Since light and heat are totdly distinct, it is evident 

that the names red aTid white heat, are improper, as 
applied to different uiodihcations of light Philosophy 
demands a more unequivocal nomenclature. The red 
and white heat might be called red and white slowly 
liberated light As flame is a single word that can 
signify nothing but a modification of light, it may with 
propriety be retained in sical language. — To explain 
tiie phasnomeua of combustion, on their theory, the 
phlogistians were obliged to consider all combustible 
bodies as combinations of different unknown simple 
substances with the undemonstrated phlogiston; aiid 
phosoxygen, or vital air, a simple substance. This 
theory tended to confuse science, by referring to many 
unknown substancesy to account for phsenomena which 
evidently depend upon known ones. The phaenomena 
of combustion, and the generated increase of tempera- 
ture, are easily explained on the theory of repulsive 
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motion, and on that of the composition of phosoxygen, 
and only one unknown principle is admitted, namely, 
oxygen, which we have never been able to obtain in its 
simple state, on account of its strong attraction for light 

and other substaaces ; but wboie existence is perfectly 
demonstrable. 

The theory of the immortal Lavoisier and tiie ingenious 
French nomenclators will ever be admired by chemical 
philosophers. It appeals, indeed, to be possessed of 
these defects alone : the assumption of the imaginary 
fluid caloric, the total neglect of Vi^ht. According to 
the calorists, combustion ouglit always to take place 
when the gases are condensed; but it is found that 
none of the gases, (except those of which phosoj^gen 
is a component part) however rapid their combinations 
or decompositions, produce the smallest combustion, or 
liberation of light, when aniinonia and carbonic acid 
(whose united capacity is much greater than that of 
phosoxygen and phosphome) combine, no combustion 
is produced, and the increase of temperature is less 
them might be expected fix>m so great a contraction of 
volume. 

The proofs of the coni])03ition of phosoxygen founded 
on synthetical experiments, are no less conclusive than 
thope deduced from the analytical ones. It will appear 
^at ihe preienee qf hght is abmduiefy esietOial io the pro' 
dudian ef phowxijyt n from pure oxydM and acids* 

Of those substances that have been heretofore distin* 
guished by the common name of oxygen attractors, 
there are some, as has been before said, that wholly 
decompose phosoxygen by attracting the oxygen, with 
which they combine^ whilst the light is liberated. 
These ozyds axe difficult of decomposition by I%ht 
alone, as is reasonable to suppose^ and if at aU^ at a 
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much higher tempecatoie than of that of their oombiiui- 
tion with oxygen. The oxjd of lead ia deoompoaable 
with less light, and with leas increase of repulstre 

motion, than prfil)al)ly any of the other oxjtk, us will 
appear icom the ioiiowiiig observation: — 

Obsekvation a. 

When pnre oxyd of lead is heated as much as possible, 

included from light, it remains unaltered; but when 
exposed to the light of a burning-glass, or even of a 
candle, phosozygen is generated^ and the metal revi- 
vified. 

In this process it is necessary that the temperature of 

deoxydation be greater than that of oxydation, as 
oxygen, at a certain tein|Krature, has a stronger attrac- 
tion for lead than tor light ; but at a higher temperature, 
it attracts light stronger than lead. 

But few ezperiments have heretofore been made on 
the revivification of metallic oxyds by the simple appli- 
cation of heat and light. Li the common processes 
they are restored by placinoc them in contact with 
bodies that have a stronger attraction for oxygen. 

From the observation on the pnre oxyd of lead, and 
those which have been made on the other ozjds, it 
appean that light is absolutely essential to the gener»- 
tion of phosoxygen from pure oxyds, aiui that phos- 
oxygen is never produced from them, but when light is 
present. 

Tlic substances that partially decompose photozygen, 
that is, that combine with ozjgen and portions of li^^ 
are more easily decomposable by light. The attraction 

between the base and oxygen is weakened by the 
attraction of light tor oxygen ; and the addition of a 
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small qaaod^ of light effects the deoomposiCum; phos> 
oxygen is fiwmed» «nd the phosoi^dable base remains 
pure* as the fdlowiug observations will prove. 

Obseevation b. 

Oxygenated muriatic add is a compom&d of muriatic 
add) oxygen, snd light, as will be hereafter proved. 

The combined light is not sufficient to attract the 
oxygen from the base to form phoaoxygen ; but its 
attraction for oxygen renders the acid easily decom- 
posable. If this acid be heated in a close vessel^ and 
light excluded, no phosoxygen is fomed; but if it be 
exposed to the solar light, phosoxygen is formed, the 
acid loses its oxygen and light, and becomes muriatic 
acid. 

Now since light, by producing repulsive motion 
cannot, as is evident from Uie first part of the last expe- 
riment, decompose oxygenated muriatic acid, it is 
evident that it must act diemically, that is, by combi- 

nation ; it must attract oxygen and light kom the acid, 
and this combination is phosoxygen. 

Obsbbyation c. 

If nitric acid, which is compounded of oxygen light, 
and nitrogen, (as will be hereafter proved ) is cxj^osed to 
the solar light, phosoxygen is formed, and the acid 
reduced to the state of nitrous acid, that is, is deprived 
of a portion of its oxygen and light 

QaSBBYATIOir d 

The yellow oxyd of tungsten consists of a pecuhar 
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metallic base, oi^geiii and probably a small portion of 
Ugbt. If this ozyd be exposed to the solar %ht» phoe* 
oxygen is prodaced» the oxyd loses weight, and be* 

comes blue. 

Observatioji a 

The green prussiate of iron, exposed to the solar 
light, gives out phosoxjgen, and becomes blue. 

Obsertation / 

If the oxyds of gold or silver be exposed to the solar 
light, phoeoxygen is produced, and the metals deoxy- 

dated. 

From these obscrvaiions it appears that light is essen- 
tial to the production of phosoxygeii liom oxyds and 
aeids; and the quantity of light essential, appears to be 
inreiaely proportional to the quantiQr contained in the 
combination. The substances that contain portions of 
light combined with their oxygen, are Ciisily revivi- 
fied by a small ([iiniitity of lip^ht, and a sinall increase 
of repulsive motion. The compounds, ou the contrary, 
that are pure oxyds, that is, which contain no lights as 
the oxyds of iron, nickel, &c. require laige portions of 
concentrated light, and a great increase of temperature, 
to produce from them phosoxygen. 

Certain combinations of oxvojcn cauuot be dccom- 
posed by the simple elective attiaction of light for 
oxygen. These requure for their decomposition the 
united force of two attractions : that of light for oi^gen, 
and of some substance for the oxydable base. 

Among these substances are water and carbonic 
acid. 
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Water, as is proved by the tenth experimelit» is com- 
posed of oxygen and hydrogen. When the oxygen of 

phosoxygen combines with hydrogen to form water, 
light is liberated. Water is decomposed by two attrac- 
tions ; that of light for ox^'gen, and of a certain 
hydrogen attractor for hydrogen'* 

The marine crypt<^;aini«, vegetablesy and a number 
of other substances, attract hydrogen. That the marine 
cryj)togamioe* altrac t hydrogen, is evident from their 
analysis. I have louiid that they aft'ord, when decom- 
posed by repulsiye motion, amongst other products, a 
considerable quantity of hydrogen. This hydrogen, as 
they are nourished entirely by water, or by substances 
held in solution by water, it is reasonable to suppose 
they somehow gain from the decomposition of water. 
To remove all doubt, however, concerning tlie attrac- 
tion of the mariue cryptogami^ for hydrogen, I made 
the following experiment 

Experiment XI. 

One cubic inch of confen a ftrniculacea was put into 
a vessel containing thirteen cubic inches of hydrogen. 
•It remuned in a temperature of 5S° for six hours, and 
at the end of that time was examined. The hydrogen 
was diminished eight-tenths of a cubic inch. I could 
get no balance sufficiently accurate to determine the 
weight gained by the plant. 

As the marine cryptogamise cannot be obtained per- 

* I hK9t pie fa rred giriag tn account of the decompotltion of water 
by the marine crrptogamitp, to that effected by the T^etation of land 
plants, both as it is a fact hcirctofore unknown, and as, from the inf< ri- 
ority of their organic powen, their dieoiiGal fttuactkm may be more 
readily admitted. 
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fectly dry in their vegetative state, it was necessary to 
proTC that the hydrogen gras diminished was not 
absorbed by the water in contact witli the plant. For 
this poipose two phials, contaimng each 13^ cubic 
inches^ were filled with hydrogen. One cnbic inch of 
conferva fcenicolacea was inserted into the one, and two 
cubic inches of wool, previously wetted, into the other. 
The qn niiity of gais in each of them was then accu- 
rately determined. The phials were inverted in the 
same yessel of water, and at the end of twelve hoata 
examined. The diminution of the conferva was near 
a cubic inch and quarter ; by the wool and water, not 
more than three-tenths of an inch. 

Tliis experiment proveh^ ihaL ihc marine crv^ptocraniia^ 
attract hydrogen; but their attraction is weaker than 
the attraction of oxygen for hydrogen, as it is found 
that seaweeds, or vegetables of any kind, placed in con* 
tact with water, and deprived of light, effect no alteration 
in it as long as they retain life. Water, consequently, 
is not decomposed by the simple elective attraction of 
bodies for its hydrogen. 

The attraction of a body for hydrogen does not eiect 
the decomposition of water, when assisted by an increase 
of repulsive motion, as the feUowing experiment will 
prove. 



Experiment XII. 

One hundred and four cubic inches of water, previa 

ously boiled to ex})cl tlic atmospheric air, were heated 
witli three ruhic inclies of conferva fusca, in a vessel 
fkom which light was excluded. The temperature waa 
gradually raised to 200<^ ; but not more than a few 
globules of gas were formed, which bj trial with nitrooa 
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gas proved to be of the same quality as atmospheric 
air. 

Water exposed to the solar light in contact u ith the 
marine cryptogamiae^ or any organized hydrogen 
attractor, is decomposed by the force of two attiactioDS ; 
that of the hydrogen attractor hydrogen, and of 
light for oxygen, as the following experiment will 
prove. 

EXPEBIHBNT XIIL 

Into a green glass globe containing 214 cubic inches 
of sea-water, previously boiled to expel the atmospheric 

air, one cubic inch of conferva littoralis was inserted. 
The globe was iiLst rtcd in a jar of water of a similar 
kind, and exposed in a bright sunshine tor ibur hours. 
In this time five cubic inches of gas were formed; 
which by trial with nitrous gas, proved to be -/^ parts 
phosoxygen, and ^% asote.* The next day the ^obe 
was exposed to a bright sunshine for three hours. Two 
cubic inches, and five-tenths were produced, which by 
trial with nitrous gas, proved to be phosoxygen, 
and azote. The day aifter, the globe was exposed 
for five hours; but the sky was often clouded, and 
there foil some showers. Three cubic inches were 
formed, of the ciuality of -^^^ phosoxygen and -j^^^ 
azote. After this, all the gas formed, contained from 
■f^ji Wzr phosoxygen. The other gases liberated 
widi the phosoj^gen, appeared to be nitrogen and 
carbonic acid: at the latter part of the experiment^ 
there was some indication of the presence of hydrogen. 

'I' By uotey I mean a gas incapable of dimlontion with nitroai gat ; 
I bavealwayt called tiie gas to wliich th^ French noinpnclators give 
the name otttaU, nitrogen, after Chaptal, and aome Bngliah chemiata. 
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The whole quaDtitjr of gas produced from 214 cubic 
inches of water, in thirty-six hours of sunshine, was 46 
cubic inches of the mean quality of phosoxygen, 
and of a gas or gases undiminlshable by nitrous 

gas. 

I have made a number of experiments on the decom- 
position of water and carbonic acid by the marine ciyp- 
togamiae, &c. the particulars of which it is unnecessary 
to mention here. I shall give an account of them in an 
essay on the generation of phosoxygen. A few obser- 
vations made in the course of these experiments, ^vill, I 
think, afford additional proofs of the theory delivered ia 
this essay ; and therefore I shall relate them. 

First, An increased or diminished temperature pro- 
duced no sensible difference in the production of gas. 

Secondly, A veiy strong artificial light acted similarly 
in the production of gas, to the solai light. 

Thirdly, The capillary, dark, coloured, and opac^ue 
confervae, generated more and better gas, than the 
white or pellucid. The confervse generated more and 
better gas than the ulvie, and the ulvse more' than the 
fuci. 

C nljoaic acid is not decomposable by light alone. 
Js'o alteration is effected in it, though exposed for any 
length of time to the solar rays ; nor is it decomposable 
by vegetables; which, as is evident from their analysis, 
attract carbon in large quantities. These facts I have 
proved by experiments, of which an account will be 
given in an essay on ilie ^reneration of j^hosoxvgcn. 

Carbonic acid is decomposable by the lurce of two 
attractions ; that of any vegetable base, or carbon 
attractor for its carbon ; and that of light, for its 
oxygen, as the following experiment will prove. 
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ExFERUtEMT XIV. 

A plant of Arenaria Tenuifolia planted in a pot 

filled with very dry cardi, was inserted in carbonic 
acid, under iiicri iirv. The apparatus was exposed to 
the solar light, ibr tuur days successively, lu the month 
of July. By this time the mercuiy had asceoded 
considetably. The gas in the vessel was now measured. 
There was a deficiency of one-sixth of the whole quan- 
tity. After the carbonic acid was taken up by potash, 
the remaining (quantity, equal to one-seventh of ihe 
whole, was phoi»oxygen almost pure. From this expe<» 
limenty of which a further detail will be given in an 
essay on the generation of phosozjgen, it is evident 
that carbonic acid is decomposed by two attractions; 
that of the vciix'taljle for carbon, and of light lor oxy* 
gen : the carbon combines with the phmt, and the light 
and oxygen combined are liberated in the ibnn of 
phosoxygen. 

Thus we have direct synthetical as well as analytical 
prooft of the composition of phosoxygen. It has been 

demonstrated then, tliat pkosoxifyeu is lit//U Lui/Mied 
with oj't/f/eTL 

I have heretofore possessed no balance sufficiendy 
accurate to detennine exactly the deficiency of weight 
from the light liberated in different combusttve pro* 
cesses. It is probable that light is liberated in an im-' 

perceptible form in some combustions unaccompanied 
with great generation of repulsive motion. In these 
processes we can determine its liberation only from the 
deficiency of we%ht perceived. 

It would probably throw much light upon the pro- 
perties of the different oxyds and acids to determine 
the quantity uf light entering into their composition. 

VOL. lU P 
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The active properties of this substanoe may in a great 
measure influence the effects produced by the bodies 

into whose composition it enters on the organs of 
sense. 

If it were possible to determine with accuracy tlie 
deficiency of weight in combustion ariang from the 
liberated light, we might be able to discoyer the quan- 
tities entering into the compomtion of the adds. 

Independent of the great use of phosoxygcn, as the 
pabulum vitcp of orfirUiir beings, it is of the greatest 
importance to man simply considered as the supplier of 
light and heat by combustion. On the decompositioii 
of phosozygen by combustible bodies, the greater por- 
tion of die comforts and luxuries of life depends. 

Without couibubLiun mau itiigiil luu c wandered for 
ever barbarous and uncivilised iu iiis native deserts. 
By the help of combustion the artist and manufacturer 
^bricate the tools, by which we erect cities, subdue 
and cultivate the earth, and directly derive our support. 
Assisted by combustion, Conuneroe erects the stately 
vessel, subjugates the ocean, showers plenty over every 
nation, and connects mankind together. By the arts, 
dependent on combustion, science and philosophy, no 
longer confined to thinking individuals, exist in cha- 
ractem. The jnvss has made them immortal, and will 
ever continue to extend thdr beneficial influence. And 
lastly, aided by combustion, the sage devotes to philo- 
sophy the solitary hours of midnight, pursuing those 
combinations of ideas, which, producing inventions, 
improve and ameliorate the condition of man. 

I am inclined to believe from some circumstances, 
obseiTcd in the course of these experiments, that light 
and oxygen combine in different proportions. This 
opinion at present I am not able to demonstrate expe- 
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rinicntally ; bat I think it is countenanced by a num- 
ber of facts. The phaenoaiena observed in the higher 
regions of the atmos]>]irrc render this supposition 
extremely probaUe. Respiration is peinfiU on the 
tops of high mountains, and an infiammalory state of 
the system is induced ; combustion is carried on with 
greater facility and at a lower tenij>erHture than on the 
plain, as M. Saussure fuund that carbon caught hre 
sooner and burnt quicker on the top df the Alps than 
on the plain beneath. Fieiy meteors appear at an 
amazing height in the atmosphere, much beyond that 
at which the solar rays are refracted : * and these me- 
teors most |>inl);ibly arise from the formation of water. 
'Wc cannot account ibr these phseuoniena on any com- 
mon principles. Phosoxygen and Nitrogen ate inti- 
mately combined here below ; and they expand, when 
acted on by an increased repulsive motion in the same 
TRtlO. Now as the volumes> ot ela^^tic tluidtN me in the 
inverse ratio of their compressing weight ; if phosoxy- 
gen and nitrogen be supposed to compose tlic whole of 
our atmosphere, then must the quanti^ of phoeoxygen 
in the atmosphere decrease in proportion as the height 
increases. 

On this sup}X)sition the phaniomena are tt>taliy inex- 
plicable. For a deoxygenated f atmosphere, instead ot 
generating an inflammatory state of the system, tends 
to diminish it ; ccmibustion is carried on with ease and 
rapidity in proportion as the quantity of phosoxygen is 
greater ; and if the atmosphere at 90 miles high be 

* One of these was computed by Dr. Hallej to be above oioetj miles 
high. 

t Nor V.I II the substraotion of prcspure from the vo9»<l^ it<tount 
for this iiiiliimxiiatory state ui the syBti-m, a» uctiuu ami rcuctiuu are 
equal. 

V 2 
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supposed to be composed of eminently rarefied air, k ig 

almost impossible that combustion could be earned on 
there. These ilifficultics can be got over with ease on 
the supposition, that light and oxygen combine in dif- 
ferent proportlcms. Light, continuallj acting npon the 
phosoxygen of the atmosphere, may combine with por- 
tions of it, and form a himinated phosoxygen ; which 
must necessarily be of less specific gravity, antl easier 
of decoinposhioii than phosoxvgen ; and this gas, from 
its small specific gravity, and probably stiU farther com- 
binattons with hght, may extend to an amazing distance 
-from oar planet 

The higher regions of the atmosphere being supposed 
to be filled with this gas, comlmstion must tak(^ place 
on the tops of mountains at a lower temperature than 
on the plain, and with a greater liberation of light ; 
because the phosoxygen there is combined with a 
greater proportion of light Respiration must become 
painful, and an inflammatory state of the system be 
induced ; because the blood becomes supersaturated 
with light ; which, as will be proved in the theory of 
respiration, is probably in a peculiar manner one cause 
of inflammation. The rays of light are not refracted 
in the atmosphere above 45 miles high, because beyond 
that the atmosphere is amazingly rare, being compofied 
of pliusoxYgen highly luniinated. Hydrogen ascends 
in the atmosphere, till it comes in contact with highly 
luminated phosoxygen probably of the same specific 
gravity: ihe oxygen loosely adhering to the light, is 
attracted from it by the hydrc^n at the common tem- 
perature of llie atmosphere to form water, whilst the 
light is liberated, and hence the pha}nomena of fiery 
meteors at a very great height. I have invented expe- 
riments for the investigatioDi of this opinion ; and I 
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hope to be soon possessed of the means fat their exe- 
cution* 

From the great quantity of liglit liberated in many 
combusiive processes, paiLiciilarly those in which the 
phosphoric, sulphuric, and carbonic acids and water are 
formed, we may fiurly conclude that phosozygen is 
wholly decomposed m these processes; the light libe* 
rated and the oxygen attracted by the base ; yet there 
are others, as will be by-and-byc proved, in which there 
is only a pai'tial decomposition of phosoxygen. In 
these only a portion of light is liberated, whilst the 
other part united to the oi^^gen c^Hnbtnes with the 
attracting base. And phosoxygen (oxygen and light) 
often combines with bodies, without decomposition. 
These substances, which are now to be treated oi\ are 
combinations of light, oxygen and bases.* 

We have been obliged to £om a new nomenclature 
&r the combinations of phosoxygen; neither that of 
the phlogistiansy or of the calorists, would express their 
composition with accuracy. On the modem principles 
of chemical nonit nclatiire all compound substances 
should be distinguished by names characteristic of the 
substances forming the compound. We have endea- 
voured to adhere to this plan. All the combinations of 
phosoxygen that have add properties, are denoted by 
the names of phosacids ; those which have no acid pro- 
perties, are called phosoxyds. By these terms, the 
compounds of light, oxygen^ and bases, will be suffi- 

* Tram iSt» nperimente related cbwntcal writers on tiie metalUc 
oxyds, one em dranr no oertain eondiMioiis eoneenilng the light Ube- 
nted in oxydation. Hie pecnliar propertlee of IlieM bodiet and their 
usee, lisye been more attended to than the pfooeie of oxydation^I 
intend ae ioon ai an opportunity eAtov to cngege in aaet of espetimcnte 
OB oxjdatlon« 
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cientlj distinguished from the combinations of oxjgen 
fmd buses which aie simply called oxyds and adds. 
The tenninations cm and ie, after the pnnciples of 

the French nomenclators, will signify the different 
quantities of phosoxjgen entering into the compoj-ition 
of the phosoxyds and phosadds. The names of the 
acidifiable and o^daUe bases are nearly the same as in 
the French nomendatare. We have sabstituted nitnn 
gen for azote, after Chaptal^ Pearson, and some other 
chemists. 



Digitized by Go 



THB COMBINATIONS OF LIGHT. &5 



COMBi^ATlONS Of PHUSOXYGEN. 



bine wiib Pbo»- 


COMBINAnONI OF raoeOXTCIBN WITH 
fiUBSTANCES. 


NSW AND OLD 
VA1CB0. 




OLD 


Ifitrogen . < 
( 


1 Nitroot Phoeoxyd 

2 Nitric Pho^oxyd 

3 Nitrous Fhosacid 

4 Nitric Phosadd 


1 Gaseous Oxyd of Aaote 

2 Nitron? Gas 
d Nitrous Add 
4 Nitric Add 


Iforifttic Add 
PlttiM . . . 


Muriatic PboMdd 
Platiiilc Pboaoxjrd 


Oxygenated Muriatic 

Acid 
Oxyd of Platina 




Auk FliOMiiyd 


Oxyd of Gold 


SilTor . . . 


Argentle Fboaoxyd 


Oxyd of 8flTer 


Mercury . . 


Mercuric PiioMxyd 


Bed Oxyd of Mercury 


Lead. . . . 


Plumbic PhoBOxyd 


Bed Oxyd of Lead 


Tungsten • . 
llaaguicae . . 


TuusUc Phosozyd 
Mangaaeaic Phoaozyd 


Yellow Oxyd of 

Tu^ten 
Oxyd of HangaiiMC 


Chrome . . 


Chromic Phosadd 


Add of Chrome* 


Cobalt . . . 

Other Metals. 


Cobaltic Phoaoxyd 

Qnere 


Boee-coloured Oxyd of 

Cobalt 
Quere 



* lUa Add liaa bean lately diecovefed by YanqucUn in the lad lead 
of Siberia. 
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COMBINATIOirS OF THB NITROUS AND NITRIC PHOS- 
ACIDS WITH SUBSTANCES. 
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COMBINATIONS OF PHOSOXYGEN. 
COMBINATIONS OP NITROGEN WITH PHOSOXYGEN. 

Nitrogen forms seventy-two hundred parts uf the air 
of our atmosphere. With regard to the prestiit state of 
our knowledge it must be considered as an undecom- 
pounded substance. 

It enters into combination with a number of bodies. 
In organic compounds it is found in considenible quan- 
tities ; and appears to act an important j^art in the phae- 
nomcria of life. Phosoxyo^eii and nitrogen comlnne in 
diticrcnt proportions, and ibrm substances possessing 
specifically different properties. 

When phosoxygen and mtrogen are made to combine 
by the action of the electric spark, it appears that no 
light is liberated lu the process. In this experiment 
nitric' phosacid is formed. And as phosoxygen is com- 
pounded of light and oxygen, and nitrogen is a simple 
substance, it is evident firom this experiment that nitric^ 
phosacid is a compound of light, oj^gen and nitrogen. 
Hie proof fiom analytical experiment is even more con- 
clusive, and will account fur a phoenomenou vvliich the 
Oilier theories were inadequate to explain. 

EXPEBIMBNT XV. 

Phosnitrate of potash mingled with half its weight of 
carbon was fired by a burning-glass in the exhausted 
receiver. The conflagration took place, and a consi- 
derable quantity of light was liberated in the repulsive 

l>5 



Digitized by Gov.*v.i^ 



58 



ON HEAT, LIOHT^ AHD 



projectile state. The gaseous products were examined 
and proved to be nitrogen and carbonic add. The 
fixed substance remaining after combustion was potash 
mingled with carbon* The quantities of the prodncta 

were not accurately ascertained, as the end of this ex- 
periment was simply to determine their nature. 

Nitric phosacid then is compounded of light, oxygen 
and nitrogen* From the experiments of LaToisier we 
may condode^ that one hundred parts of it contain 
seventy-nine and a half of phosoxygen, and twenty and 
a hall cf nitrogen. When carbon heated to a certain 
degree is placed iu contact with phoanitrate of potash it 
attracts the oxygen of the nitric phosacid^ and combines 
wi& it to foaa carbonic add: the lig^t and nitrogen 
having no eombining attraction for each other» or for 
potash, are liberated, one in the repulsive projectile and 
the other in the gaseous ibrm. The great increase of 
repulsive motion is produced irom the rapid divellent 
aiftd combining diemicai motions generated in the pro- 
cess. The detonation is occasioned by the unduWoiy 
motion generated in the drcumamlnent atmosphere by 
the rapid dirtlod^nncnt of a body of air equal m bulk to 
the elastic fluids generated iu the process.* 

The nitric phosacid is decomposable by increased 
repnlsive motion alone, into nitrogen and phoeoxygen. 

* iJiToirigr, and the C»lorirti» wppoM thtodctoBfttton to be oooa^oncd 
ill a gnat neuarcbj the IfbeimtUni of calorie* They uaett ^mt what 
ozjfBD gM and aaofkle gat eomUiio to form idtrie add, tiicj itteiD in 
tbelr eompodtion a great qoanttty of t3ia caloric whidi rendered them 
gaaeooa. TIda caloric they say is liberated in tlie deeompoaitiOB of 
nitrate of potash, and hence, the increafle of temperature, detonation, &e. 
l%ia hypotheflis is one of the most absurd advanced by the Calorista.— 
On their theory of calonV, it is evident, that when the temperatnres of 
bodtrs am increaaod in chemical proce!»prp, their capacities must be 
diminished ; and therefore, the c^iacities of carbonic acid, asote and 
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It oomfaines with wster^ with the alkaliai^ the alkaline 
earths and metallic oxyds, ifonning componndB iSmneiiy 
called nitrateg ; but which to express their composition 
more accurately, we have called pliosnitiates. 

When nitric pliosacid is exposed to light, it loses a 
portion of its or^gen and light, and becomes nitrous 
phoaacid, as was before obser¥ed. One hundred parts 
of this acid appean to contMn about serentj^^foor parts 
phosoxygcn, and twonty-8ix nitrop^en. T^ike the nitric 
phosacid it is deconiy>o?;able by increased repulsive mo- 
tion into phofioxygen and nitrogen; and when com- 
bined with basesy by certain heated oi^jgen attracton, 
into lights oxygen toad nitrogen. Hie nitrons phosacid 
combines with water, wi^ the alkalies, alkaline earth?, 
metallic oxyds, &c. With the alkalies, alkaline earths, 
and metallic oxyds, it forms compounds which possessf, 
like the phosnitrates, the property of detonating L e« of 
being rapidly decomposed by heated oxygen attractors ; 
to these sabstances we bare giren the names of phos* 
nitrites. 

When a considerable portion of oxygen and light is 
subtracted from the nitric phosacid by metaUic sub- 
stances^ the gas liberated during the process is nitric 
phosoxyd. 

This substance combines in small proportions with 

water, is a permanent gas at the common temperature 
of llio atmosphere, and n]ipears to contain about sixty- 
eight per cent phosoxygen^ and thirty-two nitrogen* 
Phosphorus decomposes it by attracting the oxygen to 

poMi, mset be mndi Icm than thote of bftrbon smd nitiaie of potash, 
Uutfi wfaidk Bofhlag It more Silie: for I Iato foimd bj eipefiincnt, tiiat 
tiie minted capacity of nltrtti of potMh nd fltilmi, ii much leit than 
that of carbonic acid or azote, and Indepeodelit of 'thia, they have 
totally negieeted tba Uboatod light. 
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form phoepboric hdd, vhiist the light aad nitrogen are 
liberated. 

Dr« Priestley disooTered, that when nitric phosoxjfd 
(nitrous air) is exposed to the action of moistened iron 

filings for a certmn time, a dimiimtion ot iia volume 
takes place, and a gas is formed, possessing peculiar pro- 
perties, capable of supporting the flame of a candle 
better than atmospheric air; but at the same time 
totally unfit for the respiration of animals. To this gas 
he gave the name of dephlogisticated nitrous air ; but 
we have called it fi oiii its composition, nitrous phosoxvd. 
It appears to contain less oxjgcn, and a laiger propor- 
tional qnanti^ of light than nitric phosoxyd, as will 
l^pear from the following obsenrations : 

Observation p. 

When nitric phosoxyd is exposed to the action of 
heated iron for a certain tirne^ the iron becomes ozy- 
dated» and nitrous phoeozyd is formed. No light is 
liberated during the process. The oxyd of iron formed 

in this iiiaiirier, is in every respect ^miliar to tliai formed 
by direct decomposition of phosoxygen. 

Obseryatiox L 

When the repulsive motion of phosnitrate of ammonia 
is increased to a certain degree, a new arrancremcnt of 
its principles takes place. Water and uilrous phosoxyd 
are formed, and a portion of azote is liberated. No 
luminous appearance is perceived during tins process.* 

♦ [In a letter addressed to Mr. Nicholson of the 1 1th of April 1799, he 
states, that whon thf above expcrimrnt i« made under favonrable cir- 
cumstaaces^ ii^ht ia emitted. In kie first expeiimenti tbe salt was 
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>. o\v as nitric phosoxyd and nitric phosacid arc com- 
pounded of l%ht, oxygen, and nitrogen, and according 
to the foregoing observadoilBy no light is liberated 
dining the foimstion of nitroas phoeoi^dy it is evident, 
lluit it must be compoeed of nitrogen, light, and a 
smaller portion of oxygen. The Dutch chemists have 
coiic liuUd from experiments on its decomposition, that 
one hundred parts of it contain thirty-seven and half 
oxygen, and six^-two and half nitrogen. The light 
entering into its composition, has never been attended 
to by any chemist This gas combines in very small 
propoiLioiiS with water, and appears to possess no acid 
properties. It is decomposable by hydrugen and by 
certain combinations of hydrogen and carbon. Sulphur, 
phosphoras and carbon, ttppeai incapable of attracting 
oxygen fiom it at any common temperatore. I have 
found by experiment, that a candle bums in this gas 
with a flame larger and more brilliant than in a gas 
composed of a mixture of thirty-eight parts phosoxygen, 
and sixty-two nitrogen ; which alone would prove that 
it contained a laiger proportional quantity of lig^t, than 
any of the other .combinations of nitrogen and phos- 
oxygen. I have made some other experiments on the 
composition of tliis iras, and some on the effects pro- 
duced by it on animals, wliich will be detailed in a 
distinct essay.'*^ 

exp4iMd to beat mixed with a large quantity of siliceous sand ; in the 
later pTperiment it was mixed with a smaU quantity only, and qnkUy 
heated. — Nicholson's Jouma?, 4to. vol. iii. p. .V>.] 

• f it this time he had not attempted to breathe it puro ; lie discovered 
that It wa» respirable on the 17th of April 1799. lu a letter to Mr. 
Nicholson of this date, he thuh aiuiounces the diacovery : " I have tWi 
(\h\ luade a diwovery, which, if you please, you may miMmaM ia yOwr 
Physical Journal, namely, that flM attroof plwsoxyd, or gaseowi 4nyd «f 
asote, it ntpinble wInb peifeetlj tntA from nitraiii gw. It •pfmn 
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It is extremely probable that the air of our atmo- 
sphere 18 8 chemical combination of phosozygen and 
nitrogeiu A miztuie of twen^-eight parts of pbofr- 
oxygen, and seventy-two of nitrogen, is not exactly 
similar to the air of our titniosphere. We want, how- 
ever^ expeiiinenta to determine the truth or falsehood of 
this supposition. If the fact was prored, this gas might 
be called phoeox yd of nitrogen. 



COMBINATIONS OF THE HUBIATIC PH06ACID 
(OXYQBNATBD KUBIATIC ACID.) 



Substance* that 
ooaMm with 
Morlatle Phot- 
acid. 


OOMBUIATIOMS OF TU£ MURIATIC PHOSACIO 
WITH SUB8TANCB8. 


icaw AUD 
OLD VAxas. 


KBW NAMES. 


OIiD H AMBS. 


Barytes *».. 
Strontiui » . 
Potash .... 


Phosmvikte of Barytes 
PlionDulate of dtrontian 

PhoamiiriAte of Potash 
FhoBumiittto of Soda 
PhoBmanate of Ammonia 
PhMmwlate of LbM 
Pboauiuriate of Mttgnesia 
Photmitrlaleof Aigflla 

Phoanunlalet of Hetala 


Oxygenated Miuiate of 

Barytes 
Oxygenated Mortete of 

Btrontian 
Oxygenated Huiiate of 

Potash 
Ozygeiiated Mtfiateof 

Oxygenated Muriate of 

Ammonia* 
Oxygenated Muriate of 

Lime 

Oxygenated Muriate of 

Mi^esia 
Oxygenated Muriate of 

AigUlA 

Oxygenated Mttrittesof 
Metals 


Ammonia 


Magnesia . . 
Argilk .... 

Metallic ^ 
Oxy«li and y 
PhoiozjdaJ 



* Qneret 



to support life lonp-er thnn common air, nnd produces effects which I 
have no time to detail at present Dr. MitchHIN tlipory of rontatrioTi ia 
of eovrse completely overtumed."— Nicholson's Journal, 4to. voLiil. p.83.] 



Digitized by Cov.^v^i^ 



TBB COHimrATIOllS 01 UOBT. 



63 



OF THB XUBIATIC PHOSACID. 

The muriatic acid haa been long discovered. Analogy 
wonld induce ns to sappose tliat it is a compound of 
oxygen with some aci^fiable baee ; but we are at pre- 
sent poeeeaaed of no fects sufficient to prove its compo- 
sition. We have attempted to decompose this acid bv 
passing phosphoric vapour through muriate of lime 
strongly heated; but no phosphoric acid was formed, 
and the muriate of lime remained unaltered. The 
muriatic add combines with phosoxygen, and forms an 
acid possessing peculiar properties. To this acid dis- 
covered by Schcele, the French nomcnclators has c fiiven 
the name of oxygenated muriatic acid, on the supposi- 
tion that it was muriatic acid combined with oxygen* 
We have called it muriatic phosacid, to express the 
cimibination of Light, Oxygen, and Muriatic Acid. 
The following experiment will prove analytically that 
the muriatic phosacid is a compound of hght, oxygen^ 
and muriatic acid. 

ExraiUMBOT XVI. 

. Phosmuriatc of potash was mingled with twice its 
weight of carbon, and fired by a burning glass in the 
exhausted receiver. The detonation took place with 
great increase of temperature in the snmnmding bodies. 
A great quanti^ of brilliant Tepulnve projectile light 
wa£ liberated. The gaseous products^ on e x a min a t i o ny 
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proved to be carbonic acid and muriatic add^ the fixed 
sabstances remaining after combustion, were caibooy 
potash, and a imall quantity of muriate of potash* 

From this experiment it is evident that the muriatic 
phosacid is cumpuundod of light, oxygen, and muriatic 
acid. Phosmuriate of potash is compounded of phos- 
muriatic acid and potaaL When catbon is placed in 
contact with this substance, and heated, it attracts the 
oxygen of the muriatic phosacid stronger than it is 
attracted by the light and muriatic acid, and combines 
with it to form carbonic acid. The light and muriatic 
acid haying no affinity for each other, are liberated. 
The great increase of repulsiye motion generated in this 
process arises from the rapid motions of the combining 
and liberated bodies. 

The composition of the muriatic phosacid may be 
proved by synthesis, as well as analysis; for muriatic 
acid is never phosoxygenated, but by combining with 
phosoxygen, or by attracting it from some of its combi- 
nations, as will be better understood herealFker. 

The muriatic pliosacid is decomposable l)y light, as 
was proved by Obsenation L It is likewise decom- 
posable by phosphorus^ sulphur, carbon, and metallic 
substances, when their temperatures are slightly in- 
creased by friction or percusnon.* 

The muriatic phosacid combines with potash, soda, 
the alkaline earths, metallic oxyds, phosoxyds, &c. The 
phosiiiuriate of potash appears to con rain in its compo- 
sition a still larger quantity of oxygen and light than 
the muriatic j^osacid; for during the combination of 

* To aeeovat for these detonations, tlw FModi diiiBbli «we oUJgcd 

(as in the case of the nitric phosacid) to suppose an immense quantity of 
caloric in the composition of thia add, which ia dinctljr contndktofy 
to Black's doctrine of capacity. 
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the muriatic phosacid with potash^ a certain quantity of 
muriatic add is found in combinatiaa with a portion of 
^0 potash. And when sulphuric add is poured on 
phosDiuriate of potash, light, phosoxygen, and phos- 
muriatic acid gas are liberated.* The phosmuriate of 
soda pos^sses similar properties to the phosmuriate of 
potash, with greater solubility in water. The Other 
combinations of the phosmuriatic add have not hereto* 
fore been much attended to* 'Berthollet found that it 
was incapable of combination with ammonia at the 
cominou tcinjK iatiire ; when minp^led with this 8ub-» 
stance, a double decomposition takes place, and water, 
muriatic add^ and nitrogen, are the products. We have 
succeeded in combining this add with strontian.t The 

* We flioai^t II probable^ fltMn tlit phsnoiiienon iMompanying H» 
deeompoi l tion of the phoaiMiri«t« of stroiitftti, about to be deacfibed, 
lliat fhe Mane eflbete would be inodoeed wben tlie pboinratfete of 
potMb WIS ued. Sulphuric acid, of the spedlle gravity of 1-85, was 
poured on a few grains of pboanaziate of pobudi : THid wbite light wea 
instantiy liberated, and pbMOxygea tad pboanuuiatie add gas glTin oat 
with great rapidity. 

^ T effected thia com1>lTint?ori by pa^'sincr imirintic p>)o«ar!'i rfp* flirfni^h 
a sahirattKl solntion of strontian-lime heated above 2iH) . The stronliau 
Jiino was obtained by my friend Mr. Clayficld, from the sulphate of 
"stn niiim discovered by him near Bristol. We first attempted the com- 
bination by pas»iug muriatic phosacid gas Uirough strontian-Iime water 
at the teroperetore of 80^-^; bat witfaovt aoooeis. ICr. Ctoyfldd 
proposed to try the ellbet of eold. The tempetatwe of the •elation waa 
lowefed bj now and lalt to lift and the gae paated Huoagh; but ao 
considerable eomUoation was efflseted. We then dInolTed aa mnch 
earth at poailbie hi boQhig water, and paned the gaa thraagh the 
sfttnrated solatkm. The oombfaiatlon immediately took place. The 
solution of phosmuriate of strontian was of a dusky ofange colour. We 
had some difficulty in obtaining the crj-stals of this salt, from it?* 
extreme «jf>l!ibility. By gentle evnporation nnd cooling, it gnvf fine 
needle-tomie'l cr\'stals. These erystalB slightly detonat<'d with j hos- 
phoni'; Rnd eharcoal. Alcohol holding tliem in solntion, bunit with a 
rose coloured flame. \\Tien sulphuric acid was poured into a solution o£ 



Digitized by Gov.^v..^ 



I 



66 ON HBAT, LIGHT, AND 

phosmuriate of strontian possesses extreme solubility ; 
its erystaUization is similar to that of the mciri«le of 
8tiontiaii» and like that 8ait» when dissolved in alooholy 
it eomminiicates to it the property of bimiing with a 
rose coloured flame, ll detonates slightly with carbon 
and phosphorus. During the decomposition oi this salt 
by the sulphuric acid, a beautiful phaenomenon takes 
{daee« the Ubenition of vanously colotired light. 

It is not impfobable that by attending to the combi- 
nations of die nniriatic j^osacid, we may discorer some 
cheap substitute for the phosnitrate of potash. From 
the present consumption ot this substance in the murder 
of mankind, the nitric phosadd is an extremely expenr 
siTe article* The great importance of this acid in ehe^ 
mistiy and the arts, renders the cheaper acquisition of 
it a great desideratum.* 

thto salt in water, with a dcs%B to proTe its composition liy audyaify ft 

beautifbl and unexpected ph—omenon took place. The room IVM 
dentally darkened at the moment that this experiment was made, so 

that vce were enabled to perceive a vivifl Inminous appearance whilst 
murkkti ' [jhosacid grc wa*^ liberated ^vitli •;ri at increa^o nf tcTTi])Prature. 
We repeated the experiment two or thn c tinics with tlie same result, 
except that the light was differently roioured. When sulphuric arid of 
the specific gravity of 1 was poured on the drj' salt, no light \»a& 
Uborate^ aatd tlie deoomposition wait on very slowly ; on the addition 
of water, the eSbets bflfine described again took place. This expeitoent, 
ladepeDdent of iti ImmiIJi ii eztnmely pleasing, ai aflndlog an int te ac e 
of ft trae oonbdotiony HMKtliy tbe prodnetioii of ll^t mi hsftt, hy tbo 
nfactftHs of two faiooiiihafltiblo bodioi* 

• £ln a letter to Mr. Kicholson aheady quoted* ho ftalw, '< With the 
hopei of diacomiag ft cheap substitute for nitre, I hare lately made the 
phosmuriates (oxygenated muriates) of strontian and barytee. The pro- 
perties of the first correfpond with the account I hare given of them (as 
in the text) except that its solubility is not soc^rrat ns T nt fir^tpuspecteil. 
The iihosjjiuriHtt- of barytes crystallizes in plat^ ^i, and detonates Tcry 
slirrhtly With ( linrcoal iind phosphorus. A •solution of it in water, like 
tliat of the phu^niuriiitc uf Htroutian, becomes iimimous when the sul- 
phuric acid is poured into it"] 
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OOMBIKATIONB OP LIOHT, OXYOBH, AND 

METALLIC SUflSTAiNCES. 

Since the discovery of oxjdation by ihe great Lavoisier, 
chemical philosophers in general have considered the 
proceflB as the ample decompoettion of oxjgen gas 
(oxygen mad caloric); the coiiibuiatio& of oxygen with 
the oxydable base, and the fibefation of caloric All 
metallic oxydations have been conceived to be rimilar, 
aii(i diflfering onlj in the rapidity of the decomposition 
of oxygen gas. As light has been little attended to, 
even among the chemical prindf^ of the most ceIe-» 
brated pneumatiatey we are not amprised to find that it 
has been neglected in (be process of oxydation. The 
combinations of light, oxygen, and metallic bodies, have 
not been heretofore distinGjuishcd from the simple com- 
binations ot oxygen with these substances, though from 
the difibrences of their properties alone they might well 
be conridered as a disdnct class of sabstances. To 
these bodies we have given the name of phosoxyds, to 
dL«»tinguish them from the simple combinations of 
oxygen, and to express their composition with accuracy. 

Platinic Phosoxyd. 

Platina appeals incapable of directly combining with 

ligiit and oxygen at any known temperature. This 
combination is effected by the decomposition of the 
muriatic pbosacid, or the miuionitric phosacid. In the 
decompontion of the muriatic phosacid by platina, the 
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platina combines with thr light and oxygen, so as to 
convert the acid into mtuiatic acid. The properties of 
this phofioxyd are but little known> and I iiave never 
bad an opportunity of examining them* 

ACBIC PHOfiOXYD. 

Gold, wliich is incapable of decompoaiog, or of 
difectly combining with, phosozygen at any knom 
temperature^ possesses the power of attracting it firom 
some of its combinations. Gold becomes phosoxydated 

by attracting light and oxygen from the muriatic phos- 
acid or the murionitric phosacid ; it is extremely proba- 
ble, from the properties of this phosoxyd, that it contains 
a kiger proportion of oxygen, and a smaller proportion 
of lighl^ thfm the other phosoxyds. Expoeed to lig^t^ 
it gives out phosoxygen and the metal is revivified. It 
combines with the acids, and with ammunia ; with 
ammonia it forms the compound called fulminating 
gold, but which might be called with greater propriety, 
anric phosoxyd of ammonia. From the decomposition 
of this substance alone, we -might prove that light was 
one of the constituent parts of auric phosoxyd. When 
the temperature of auric phosoxyd of ammonia is 
increased a little, it is decomposed witli a great explo- 
sion, and the products are light, nitrogen, and water. 
In this process the hydrogen of the anunonia combines 
with the oxygen of the auric phosoxyd to form water, 
and the nitrogen of the ammonia, and the light of the 
phosoxyd, having no attraction for each other or for 
water, are liberated. 
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ArO£MTIG PaOSOZYD, 

Silver, Uke gold and platina, is incapable of combiaing 
with phosox^gcn directly, at aiiy kno\\Ti temperature. 
vSilvcr aj)pcars ca])ablc ot cuiiibiiiiiig with oxygen, as 
well as phosoxygen, and consequentlj it decompoees 
both the acids and phoeacida. It attracts oxygen and 
light from the nitric phosacid with great rapidity, and 
becomes phosoxydated, whilst the remaining light and 
oxygen of the acid fly off with the nitrogen in the form 
of nitric phosoxyd. The argentic phosoxyd combines 
with the acids, and with ammonia. Its combination 
with ammonia affords one of the most astonishing phse« 
nomena in chemistiy. To form this substance, the 
phosoxyd of silver must be precipitated from its solution 
in 1 1 uric phosacid by lime-water. This precipitate after 
exposure to light for some hours, must be stirred in a 
sokition of ammonia. When this solution is evaporated, 
the crystallised substance remaining is the fiihninating 
silver, or argentic phosoxyd of ammonia. The slightest 
possible change of temperature by friction, percnsnon, 
or any other means, causes this substance to explode 
with an astonishing detonation, and the liberation of 
light The products of this detonation have never been 
examined. Light we know is one of them, the others 
are probably water and nitrogen : for the substance is a 
compound of light, oxygen, silver, nitr()p:cri, and hydro- 
gen. Tlie slightest change of trin])crature disposes the 
light to fly off, and the hydrogen and oxygen to com<r 
bine to form water. The great increase of temperature 
and the detonation inexplicable on the former theoriesy 
are accounted for with the greatest ease on the theory 
of repulsive motion, without any absurd or unnatural 
suppositions. 
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Mercuric Phosoxyd. 

Mercory oombinefl directlj with phoeoxygen, as 

Hppears from the iulluwing observations. 

Observation u 

When mercuiy is placed in contact with pho6ozygen» 
and its temperature raised nearly to its boiling point, 

the phosoxy^en and mercury arc gradually converted 
into a red substance possessing properties essentially 
different irom mercury or phosoxygen. No light is 
liberated in this process. The phosb^d of mercuiy is 
consequently a combination of lights oxygen, and mer- 
cury. This substance is likewise formed by the decom* 
position of the nitric phosacid. Its fine red colour, like 
that of most other substances, appears to depend on the 
light entering into iu composition. It combines vnth 
the acidsy and with ammcmia* With ammonia it forms 
a fulminating compound, the mercuric phosoxyd of 
ammonia. 

The mercuric phosoxyd is decomposable by light and 
increased repulsive motion, into phosoxygen and mer- 
cury. 

Plumbic Phosoxyd. 

The phmihic phosoxyd (red uxvd of lead) evidently 
contains oxygen and liglit : for when the white oxyd of 
lead is heated in contact with phosoxygen, it becomes 
red and more ponderous, and the phosoxygen is absorbed 
without the liberation of light When muriatic acid is 
distilled from the plumbic phosoxyd, it becomes muriatic 
phosacid. From whence we may conclude that the 
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plumbic i^osozyd ia compounded of oz^gen, l%ht, aad 
lewd. 

TUNGSTIC PhOSOXTD. 

Tlie tungstic phosoxyd (yellow oxyd of tungsten) 
ap[>ears to contain light in its composition. It gives 
out phosoxygen^ and becomes blue on exposure to the 
solar tight It appean capable of combining with the 
allrati^i alkaline eaxthsi &c« 

Manoamesic Phosoxyd. 

The manganesic phosoxyd (black oxyd oi iiiaiiganese) 
evidently contains phosoxygen; it affords it on the 
i^lication of heat. When muriatic acid is distilled 
from it (the manganesic phoaozjd)^ it becomes muriatic 
phoeacid, that is, it subtracts a portion of light and 
oxygen iioiii the manganesic phosoxyd. 

Chbomic PHoaAcm. 

This acid, just discovered by the ingenious Vauquelin^ 
appears to contain light; its red colour alone would 
induce us to believe this, and from the experiments of 
Vauquelin, it appears that it loses its red colour when 

exposed to light, and most probably gives out a portion 
of liffht and oxygen. 

COBALTIC PH060ZTD. 

The cobaltic phosoxyd is formed by the decomposi- 
tion of the nitric phosacid* 

We have found that it gives out phosoxygen when its 

repulsive motion is increased, from whence we conclude 
that it is a combination of light, oxygen, and cobalt. 
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The phosoxyds possessed of the most gtriking pro]>er- 
ties are, tlie auric, argentic, mercuric, and plumbic 
The facility with which these bodies are decomposed, is 
evidentlj dependent on the light entering into their 
composidon. Indeed we have no single instance of a 
chemical detonation independent of the presence of 
light. The ease with wWch the equilibrinm of the 
principles of the phosoxyds of ammonia is destroyed, 
depends on the ease with which light takes its repulsive 
projectile form. We are in want of a set of accurate 
experiments on the process of ozydation and phos- 
oxydation. It is probable that many metals, besides 
those we have niLiitioned, are capable of combining 
with phosoxygen. The different colours and properties 
of the different oxyds of the same metal may probably 
depend on certain quantities of light and oxygen enter- 
ing into their composition. 

Such then are the inorganic combinations of light 
From the discovery of them we are enabled to explain 
the phaenomcna of combustion, detonation, &c. They 
open to us an extensive field for experimental investi- 
gation* It is probable that we shall detect light iu 
^any other substances, in which it has not been hitherto 
suspected. That extensive class of substances which has 
been heretofore distinguished by the common name of 
oxygen-attracting, must be divided into distinct classes, 
firom the differences of the attractions ot the substances 
composing it Some of these substances, as phosphorus, 
sulphur, &c. are simple attractors of oxygen, that is, 
decomposers of phosoxygen. Others, as iron, zinc, 
copper, &c. under different circumstances, appear to 
attract oxygen and portions of light with oxygen. 
Another class combines with phosoxygen, or light and 
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ojLygeny without decompoatioiiy as mtrogen^ muriatic 
acid, mercuiy, &c 

We peiceive a oarrespondenoe between the quantities 
of light and oxygen entering into the composition of 

bodies, and their colon i*s. By attending to this cir- 
cumstance, and by determining the quantities of light 
liberated in ozydation, and comparing the properties of 
the oxjdsi fhoBosjda, &c we may make some di»- 
ooveries in an important branch of corpuscdar philoso-^ 
phy hitherto unknown, — the causes of the differences 
of the caj>abiHties of bodies for receiving the communi- 
cated repulsive motion of lights that is, the causes of 
the difierences of their colours* 



BBCAPITITLATION. 

This recapituiation is designed to present the theory 
founded upon the experiments described, in a short 

view capable of being at once considered by the mind. 

Ist Matter is su])|)()<ed to he endowed with the 
active properties of repulsive motion and attraction. By 
the terms lepulsive motion and attraction, we simply 
mean to express the causes of certain effects which are 
uniformly and constantly produced* In denying the 
existence of caloric, ^vc do not assert that there docs 
not exist a number of sul)stances vlilch are totally 
incognisable by our senses ; but we consider all matter 
as governed by the same laws^ and as active properties 
most be ascribed to some matter, and as we perceive 
the efiects of diem in that matter with which we are 
acquainted, \vc have a right to conclude that they 

vox*. U. £ 



Digitized by Gov.^v..^ 



74 



ON HEAT, UOar, AND 



belong to it. Nothing is more unpliiloso}>hic than to 
imagine beings for the sake of atthbutiog to them 
acdTe powers, when our senmtions infima us of the 
existeiice of bodies to which they beloiig. 

2. The most subtile etherial fluids with which we ate 
acquainted, are governed hj the laws of attraction and 
repulsive motion. Amonprst these is W^ht, which acts 
the most important part in the economj of the universe. 
This sttbetanoe is subject to the common laws of matter, 
sod requires no principles, but attrectioo and lepulave 
motion, to aceount fi>r its appeannoes and dianges. 

3. It enters into combination with bodies. In the 
phosphorescent bodies it exists in a state of loose com- 
bination. 

In phosozygen it is inttmately combined with 
oxygen. 

4* From the decomposition of phosoxygcn by bodies 

that attract oxygen, the phaenomena of coiububtion are 
explained. 

5. Phosoxygen combines with substances without 
decomposition. 

These substances are nitrogen, muriatic add, and 
certain metals. On the combination of pbosoxygen 

with these bodies, the pka^uomcua oi detonation, &c. 
depend. 



light enters into the composition of living bodies. 

To understand these combinations is of infinite im- 
portance to man. On the existence of this principle in 
oigftnic compounds, perception, thought, and happiness, 
i^pear to depend* We shall proceed to inyestigate the 
theory of respiiation. 
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THEORY OP RESPIRATION. 

The dependence of life on resjjiratiun has always 
rendered it an important tiiibject of consideration to 
physiologists; but till the discovery of pneumatic che- 
vdatrjf no rational theory was advanced. It is foreign 
to our present design to consider all the different theo« 
Ties that have been formed. The theory of respiration 
now generally received by physiologists, is that advanced 
by Cjodwyn, Girtanncr, &c. Tlicse philosophers assume 
oxygen gas to be oxygen combined with caloric; and 
since it is found by experiment that the oxygen gas 
made use of in respiration is diminished, and carbonic 
acid and water formed, it is asserted that oxygen gas is 
decQinpnsed in the lungs. It is said, that one portion 
of the oxygen combines with the oxydable and acidifia- 
ble bases in the venous blood, and particularly with the 
iron; and that from this oxydation arises the yermilion 
colour of the arterial blood : another portion combines 
with the carbon of the blood and of the pulmonary 
mucus, to form tiie carbonic acid liljerated in respiration; 
another portion combines with the hydrogen of the 
blood, to form the water Uberated in respiration: the 
caloric combined with the oxygen partly combines with 
the bloody now increased in capacity, and is partly 
liberated, with the carbonic acid and aqueous gns. 
Without considering my experiments, or the theory oi 
these papers, which directly overturn this hypothesis^ 
there are the following objections to it. 

E 2 
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1. Iron, which is gcneiiilly assumed to be the red- 
dening principle of the blood, never decomposes ])]m>- 
oxjgeu at so low a temperature as 98% the greatest 
heat of the lung?, and phosoxygen is never decompofled 
by iron without rapid oombu8tion» flame, and great 
heat. 

'2, Oxygen gas is never decomposed by carbon at so 
low a temperature as 98% and is never decomposed 
without combustioa, &c 

3. There is never a decomposition of i^ioeoiygen by 
hydrogen at so low a temperature, and it is well known 
that this process does not tske place without flame. 

This theory of respiration, then, is evidc utly false. 
It ^vill appear from the ibliowing ezperimentii and ob- 
sen-ations : 

1. That phofloxygen (light and oxygen) is not de- 
composed in the lungs. 

2. That phosoxygcn (light and oxygen) combines 
with the venous blood in the lungs. 

3. That carbonic acid and water are both liberated 
&om the lung^ during this process, either by the increase 
of temperature, or from the superior aflGbity of phos- 
oxygen £ar the venous blood. 

EXPEBIMBNT XVn. 

A phial containing twelve cubic inches and a hal^ 
was filled with very pure phosoxygen. The medial 

vein of a healthy man was opened, and the stream of 
bloud directed into the phinl. 1 lie mouth of the phial 
was immediately brought iu contact with the arm, so as 
to entirely exclude all external air. The room was then 
darkened. As the blood flowed in, it changed honk a 
dark red to a bright vermilion odour. When the phial 
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was half fidll it was dosed, and plunged in mexcorj 
heated to 90^. After femaining in this ntoation for 

half an hour, it was examined. The blood had co- 
agulated, and was of a briprht vermilion; some dro])s of 
water were £Qrmed on the sides of the phiaL When the 
«ork was drawn, about two cubic inches of mercury 
rushed into the phial^ ftom whence I conduded that an 
abaorption of gas had taken phMse. The gas remaining 
in the phial was examined. It proved to he three cubic 
inches and one-tenth of phosoxygen, mingled with nine- 
tenths of a cubic inch of carbonic acid 

During this experiment no light was liberated ; it is 
consequently reasonable to suppose that there was no 
decomposition of phosoxygen ; and as a considerable dimi* 
nution of phosoxygen took place, and the blood acquired 
new properties, we may conclude that phosoxygen is 
capable of combination with the venous blood. To 
prove this by analysis as well as synthesifl^ I made the 
following experiment 

EXFEBIMSNT XVUL 

A phial containing about twelve cubic inches, having 
a pneumatic iqpparatus affixed to it» was filled with 
arterial blood fbom the carotid artery of a cal£ The 

phial was placed in a sand bath of the temperature of 
96°, and the heat gradually and slowly niiscd. In 
about ten minutes the temperature of the bath was 108°, 
and the blood began to coagulate. At this moment 
some globules of gas were perceived passing through 
die tube. Gas continued to psss in very small quan* 
tities for about half an hour, when the temperature of 
the sand was about 200° ; the blood had coiigulated per- 
tectly, and was now almost black : about a cubic inch 
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and eight-tenths of gas ifere collected in the mercuiial 
apiMuratiui; of this one cdbic inch and one-tenth waa 
carbonic aeid^ and the remaining seren-tentha phoe- 

oxygen.* 

From this experiment it is evident that the 'artcfrial 
blood contains phosoxygen, and we have proved before 
by Byntheaifly that it ia capable of combining with it 
directly* We are po aac a ac d of a number of expegimentB» 
which profve that phoeoxjgen ia conaumed in respira- 
tion. It has been likewise proved that gases can pene- 
trate through moibt membraneB like those of which the 
vessels in the lungs are composed. We may therefore 
conclude that phoaoxygen oombinea with the venous 
blood of the system in the pulmonary veasela. Aa no 
light was liberated in Experiment XVII. it is evident 
that there cannot be even a partial dcconipo-itinn of 
phusoxygen in respirationy and, consequently, the car* 
bonic acid and aqueous gas liberated cannot arise from 
the decomposition of phosozygen by the carbon and 
hydrogen of the venous blood. It b then evident that 
they must be liberated from the venous blood. To 
prove thi& more clearly, I made the following ex- 
periment. 

£aCPERDIBl>T XIX. 

I filled a small sheep's bladder with blood from the 
medial vein of an healthy woman. Thia blood never 
came in contact with any air during the experiment. 

* Qreet etatiOD Is reqiiii^ In nuldiig tbli cu pwim e a t. If the tern* 
pentore It not gradually an 1 r^l wl v incrcasedf the liberated gates are 

carbonic acid and hydrogen. Tlie first time that I made this expevi* 
ment, raisim^ the tcinperaturL' too (juickly, I olitaincd only thp?e pro- 
ductii. At a hi«h t('in]>f r!iture, tin- phfHnxvrft n of the blood mott pro> 
bftbly combines with nitrogen, to fom nitric piiosadd. 
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The bladder was inserted in a vessel of water heated to 
112% and the gaseous products received by a pneu- 
matic appaiatus. They were carbonic add and aqaeoua 

Respiiadon^ then^ is a chenuoal process, the com- 
bination of phosoxyt^en with the venous blood in the 
lungs, and the liberation of carbonic acid and aqueous 
gas i^om it, irom the combination and decomposition, 
arises an increase of repulsiTe motion, ^diich combined 
with that produced by the other diemicai processes 
taking place in the system, and that generated by the 
reciprocal action of the solids and fluids, is the cause of 
animal heat ; a heat which in the other systems has been 
supposed to arise chiefly from the decomposition of 
oa^gen gas (oiygen and caloric). 

Such then is the human respiration; and we are 
certain not only from analogy, but from experiments, 
that the breathing process of qiiadiTi])cds and birds is 
similar, i^hosoxygcn (oxygen and light) combines with 
the venous blood in their lungs. 

As fishes exist in a difierent element; and as it has 
been supposed that they decompose both water and 
oxygen gas,* I endeavoured to iiscertain by the Ibilow- 
ing experiments the laws of their respiration. 

£xr£BUl£MT XX. 

I expelled by long boiling the atmospheric air from 
64 cubic inches of sea water. This by means of mer- 
cury I entirely excluded from the contact of air. A 
smidl mullet was put into it» which instantly appeared 
much conyulsed, and died in a few minutes. 

*. Danrin'i Zooiiomia»toL f. p.47S. OsTginatioii «r the Blood. 
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EZPBBIMENT XXL 

A quantity of water was freed from atmoepheric air 
by boiling. Two receiversy each of the capacity of 36 
cubic inches^ were filled with this water. Into one of 

these, two cubic inches of nitrogen were inserted, into 
the other, two of phosoxygen. By long and constant 
agitation, the gases were dissolved by the water^ which 
was excluded from the contact of air by mercury. Into 
each of the receiverB two minnows were inserted. Those 
in the water holding nitrogen in solution, died in about 
four minutes : those in the water holding phosoxygen 
in tsolulion, appeared tobdly uniniured, and when ex- 
amincd alter some hours, were stiU alive and healthy. 

Experiment XXII. 

The same receivers which I used in my last experi- 
ment, were filled with distilled water, freed from atmo> 
spheric air by a second boiling. Into each of these, 
three cubic inches of phosoxygen were inserted. The 
receivers were then agitated for some time, till the 
water in each of them had dissolved an equal quantity 
of c^as ; they were then inverted in a troui^h of mor- 
cury, so as to exclude atmospheric air from tiicm. Ir our 
minnows were then conveyed into one of them through 
mercuxy. The receivers were now suffered to remain 
untouched for six hours, when they were examined. 
The minnows were alive, and no gas remained in the 
top of the receiver in which they had respired. The 
gas in the top of the other receiver remained nearly the 
same as at the commencement of the experiment. A 
quantity of lime-water was poured into each of these 
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leceivmi in dmt in which the fish had existed there 
was a Tery perceptible cloiidinessy oocasioned, as I 

suppose, by the formation of eaibonate of lime ; in the 
other there was no [u rceptible chaiip^e. 

From these experiments I conclude tliat the venous 
Uood in the gills of fishes is phosozjdated by the phos- 
oxygen held in solution by water; and that carbonic 
acid, and probably water, are given out as ezcremen- 
titious ])y the venous blood in their gills. We have no 
rea-(jMs for supposing that fish docoiiipose water, as wp 
cannot discover that any hydrogen is fonned by them 
in respiration** 

Light and oxygen then, (phosozygen) are essential 
to life. 

The perceptive and voliuve powers depend for their 
continued existence on the constant supply of a certain 
quantity of phosoxydated blood to ^e nervous and 
muscular systems. 

Peroepdon more immediately depends on the con* 
Unued supply of a certain quantity of arterial blood to 
the brain. In the brain and nervous system, some im- 
portant change essential to life must be eflcctcd by iu 
As there is a necean^ for a constant supply of phos- 
oxygen to support the vital functions^ there must be a 
constant expenditure of it in the peifonnance of these 
functions. The medullary substance of the brain and 
nenes appears to possess the property of sensibility. 
Ttua property is perfectly distinct from the irritability 
or contractile power of the muscnlar fibre. The nerves 

* I have discovered by similar experimenta that tlic zoophyta are 
gorantdhf tfanilir Uwtt tiiat they, lik« Sih, alMorb the p1ioM>xyg«n 
Ml In Miliitioii lijivater, is wdl at porttom of altrogeii ; and Ihas in 
flMir ebemlod attinetloni, as well at in Hidr oigaole powen» lem to lie 
the oonneetb^ Unks between Tegetablet end animals. 

B 5 
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depend for their sensibility on tlieir connection with the 
brain. In the hnin all the sengationt eonvejed by the 
difierent nerves centre ; and in the brain t^r conea- 

pondent ideas are associated tc^ether according to cer- 
tain laws. The moment that the connection of a tk r\ e 
with the brain is destroyed, it ceases to be sensible ; and 
thought and action cease the moment that a supply of 
phoBozydated blood is cut o£P £rom the brain. 

May we not venture to reason on the important 
and constant change effected in the brain and nerves 
by the ]ihobox}(liUcd blood? T« it not pro])able that the 
existence of some fine ethehai principle in the brain and 
nerves is the immediate cause of sensible or perceptive 
action? If such a fluid exists, it must be condnuaUy 
supplied by the arterial blood, and constantly expended 
in sensible action. We have proved the existciiL( of 
liglu in the arterial blood, and we have likewise proved 
its existence in different states. Is it then improbable 
to suppose that Light is attracted or secreted £rom the 
blood by the brain in the form of an etherial fluid or gas, 
and perpetually conveyed by the brain to the nerves?* 

A number of philosophers, simply from the identity of 
the action of the electric fluid, and the nervous influ- 
ence on the irritable fibre, have concluded them to be 
the same, that is, have concluded the nervous fluid to 
be the electric aura. 

We have before supposed the electric fluid to be con- 
densed lierht. Tims wc have another cogent reason for 
supposing that the nervous spirit is light in an etherial 
gaseous form. 

On this suppositioni sensations and ideas will be 

* [A modification of this hypothesis ww icrived by the author in hi* 
" Consolatlom in Travel," in the Dialogue entitled "The Proteus, or 
Immortality," and recent expeimentii on the blood tod letpization ave 
lather in Skycnr of it. j 
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motioiis of the nervous ether or light exciting the me- 
dullary substance of the nerves and brain into sensitive 
action. The capability of the nerves to be excited into 
senaitive action bj the motiont of the nerrom ether» 
most depend upon a peculiar eonstitntion or oigani* 
salion of them ; and the nerves during sensitive action 
must suffer some change, some loss of principles, and 
the equilibrium of their principles must be agmn sup- 
plied by the arterial blood. 

The irritabili^ of the muscles^ as well as the sen- 
sibility of the nervesy appears to depend on the con- 
tinned supply of a certain quantity of arterial blood. 
Their irritability is not nearly so soon destroyed as the 
sensibility of the nerves. The fibre remains irritable 
for a considerable time after it is deprived of arterial 
blood. The musctes are most probdi>ly phosoxydated 
componndsy of which the nuiAerous principles are in 
exact and delicate equilibrium ; and it is likely that on 
tbi.s cqiiilibriuin their irritability dc])ends. Any com- 
municated impulse capable of producing increa?;e of 
repulsive motion sufficient to occasion a new arrange- 
ment of principles in any part of the fibre^ will produce 
initabfe action. The impulies of certain external 
bodies, tod the ncrvoud fltotions, both appear equally 
capable of exciting the irritable fibre into action. 

The chief principles* of tlie fibre appear to be ni- 
trogen, hydrogen, carbon, oxygen, and lightf Hie 

* tlie loMganic eompoimdi, whkh contain light, and many otli«r 
pttndplca, an moat aaaOy deoompoied hy the aUgfateat inereaae of re* 
pnldtre motion, anch are the phoaoxyds of ammonia. 

t When any conaidembte change tal^ ^ i >^aoe in the organic mattar of 
die Iwdy, 00 as to destroy the powers of life, new chemical attractions 
and repulsive motions take place. Tlie difTereiit principles of which the 
body i> cr»inpo»eii, form new comliinationa. In this processi, which ig 
call( <] l atrefaction, the li'/ht of the system in land onimftls in combi- 
oatioo with oxygen and nitrogen, forms nitric phosacid. In fish. 
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immediate came of irritable action is probably die com- 
bmatioii of oxygen with tbe hydrogen and caiboD, to 

form water and carbonic acid, and the liberation of 
nitrogen and electric fluid. We are certain that water 
and carbonic acid are liberated during muscular action, 
and probably azote» and lig^t in the form of electric 
fluid* 

Life, then, may be considered as a perpetual series of 
peculiar corpuscular chanores : and the living budy as 
the being in which these changes take place. Pcrcep- 
tioDSy ideas, pleasures, and pain^ are the eSeets of 
these changes. They are consequently found to be 
continually Tarying. The laws of mind then, pro- 
bably, are not different from the laws of corpuscular 
motion. Every change in our sensations must be ac- 
companied with some correspondent change in the 
organic matter of the body. These changes an ex- 
tensive and philosophic chemistry may enable us to 
estimate. 

Thus essential then is Light to perceptive existence. 

during wluMe patoeftctkm no nitrie pboMdd i» toned, it If liber- 
ated; and henee the xeMon for the Innunow eppeamnoe of pntrd^iog 

tiebf an appearancei wlileh Lavoisier snppoMd to be occarioncd by 
phosphorised hydrogen. I have found by experiment, that putrefying 
fish fire equally luminous in water boiled to expel its air and phosoxygen. 

• Thr^ Torp<>dn, mv} some other animals, frive out electric fluid during 
animal action, hi man, the quantity is prohalily, however, too small 
and too slowly liberated to be ascertainable. It would he worth while 
to try, by a very twinsiblc electrometer, whether an innuiutt d innsele when 
stimulated into action, would not give marks of the Uberatiun of electric 
Unid. To aBoertain the gaseous pxodneti Ubeiated dniing mnecular 
actkm, would not be so diffienlt. An tdmal, or the limb of an animal, 
inigbt be stimulated into muaeular action fyr a oeneideiable time tmdcr 
mereory, till its inltaMHtj ivaa deitrayed. Animals prerionaly made to 
breathe pliotoxjrffen^ might be employed Ibr tliii pmpoee, at it appeara 
from the experiments of a celebrated phUoeoplieri Dr. Beddoes, that tbej 
retain their irritability longer. 
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Ail dgmic aenaitiye bebgp inHk vluch we afe ac- 
qoaintedf appear totally unabie to exist widioot pbos- 

oxygen. 

We may consider the ^un and the fixed stars, the 
suns of other worlds, as immense reservoks of light 
destined bj the great OiOAmsBE to diffuse over the 
nniyene cnganixation and animation. And thus wiU 
the kwB of gravitation, as well as the ehemieal laws, be 
considered as subservient to one grand end, Percep- 
tion. Reasoning thus, it will not appear impossible 
that one law alone may govern and act upon matter: 
an energy of mutation, impressed by the vnll of the ^ 
Deity> a law which migfit be called die law of animar 
tion, tending to produce the greatest pos^ble sum of 
perception, the greatest possible sum of" happiness,* 

The farther we investigate the phaenomena of nature, 
the more we discover simplicity and unity of design* 

An extensive field for sublime investigation is open 
to na. The laws of perceptive life as yet are but par* 
tially known. Our sensations, ideas, pleasures^ and 
pains, de^K-'ud upon causes now unknown to us. 

We cannot entertain a doubt but that every change 
in our sensations and ideas must be accompanied with 
aome conrespondent change in the oiganic matter of the 
body. These changes experimental investigation may 
enable us to determine. By discovering them we 
should be informed of the laws of our eidstence, and 

* The analogy between attraction and gravitation, repnlsion and pro- 
jection, has been mentioned before. This analogy would induce us tu 
refer tbem to the Mone omM. It may App^ ilifird to suppose any 
analogy between tbese powers and tbe Uwi of life. Is not, however, 
percep^re action (wUeh most unifinrmly be aoeompanied with some 
pecvliar motioa in the aerroos system) analogoiu to repoUon and pro- 
Jectkm? Is not the atsodatkm of pereeptire and inftattre motions a 
Isw saaloaoaa to atttactioa and gvavitalkn? 
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probably enabled in a great measure to destrojr our 
pains and to increase our pleasures. 

Thus would chemistry^ in its connection mth the 
kWB of life^ become the most sublime and important of 

all sciences. 
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GENERATION OF PHOSOXYGEN, 

(OXYGEN GAS) 

AMD OH THK CAUSKt QW TBI 

COLOURS OF ORGANIC BEINGS 



A OSBAT quantity of phofioxjgen is contmually at- 
tracted from the atmosphere to supply the pabulum 

vitae of perceptive beings. Another considerable quan- 
tity is decomposed by combustion, and absorbed in 
other chemical proeesaea which take place in our globe. 
Since the atmosplieiic constitution is unifonnly similar^ 
we are led to inquire by what means a quantity of 
phosoxygen equal to that consumed by respiration and 
combiislion is again sup})lied to the atmosphere. This 
inquiry is no less important than curious* as our 
exirtenoe itself depends on the eqailibrium of gases in 
the atmosphere. 

We have no reason for supposing that phosoxygen is 
generated or given out as excreuK Qtioud by the loco- 
motive organic beings ^hich consume such immense 
quantities of it During living action, water, carbonic 
fusld^ and nitrogen, are liberated from the animal» and 
probably electric ether and some other products* 
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We haye no reasons for aappoeang that light is ca> 
pable of decomposing either water or carbonic add in 

their nascent state, by its attraction for oxygen. Con- 
sequently the phosoxygen of the atmosphere can in no 
way be supplied by the locomotive perceptive beings. 

The living action of another class of beings, namely, 
vegetables, is the cause of the generation of the at- 
mospheric phosoxygen. 

The purification of the atmosphere by land vegetables 
wai5 indeed discovered lon^: before even its cumpo&ition 
was known. We owe this important discovery to the 
immortal Priestley, who supposed that the renovation of 
the atmofiphere by vegetables was occasioned by their 
power of absorbing phlogiston, an imagined product of 
combustion and respiradon. 

Dr. Ingenhouz discovered tliat vegetables gave out 
vital air when exposed to the solar light in contact with 
tmler. This philosopher attempted to prove by experi- 
ments, that the air dins generated arose from the 
decomposition of water. Since his experiments and 
those of M. Senebier have been published, we know of 
Httle that has been done in this part of chemistry ; and 
as Lavoisier's theory of the composition of oxygen gas 
(phosoxygen) has been generally believed by chemical 
philosopheiB, it has been supposed that light acted no 
other part in die decompoddon of water, than that of 
extricating oxygen by giving it caloric, whilst the 
vegetable attracted hydrogen. 

In my Essay on Repulsive Motion and Light, I 
attempted to prove diat water was decomposable by 
two attractions, that of a vegetable or oiganbied hydro* 
gen attractor for hydrogen, and that of light for oxygen. 
In diat essay I Hkcwise mentioned my disoo\ ci v of the 
production of phosoxygen by the various orders oi the 
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marine crypto|g Bniia cUmb of plants. I shall prooaed to 
give a detail of the experimenis I have made on land 

and sea vegetables. 

One might infer from the analysis of vef?etables that 
tiiej attxact kydrogen and carbon^ as tiiey are their 
most piedominant principlea. It will wppemt fiom the 
following synthetical experiment that they attract hy- 
drogen, 

EbtPBBlMKWT I. 

A small plant of Mignonette, in a state of healthy 
▼egetation^ was inaeited in a small pot nnder a jar of 
hydrogen containing twenty-eight cnhic inches^ and 

confined by mercury. The height of the mercury in 
the jar was accurately marked at the comnic iicemcnt of 
the experiment* It was suffered to remain in the dark 
for £fty hoaiSy and then examuied* The meremy had 
ascended a very little^ and if one mig^t judge from 
appearances, ^ere was a diminution of about half a 
cubic iiich. The jar was removed to a place exposed 
to the li^2;ht, and .suffered to remain in this situation for 
three days of very £ne weather. It was then exa- 
mined ; the plant appeared nninjuied, and the edges of 
some of itB leaves wexe tinged yellow; there was no 
perceptible diminution of the mercury, from whence 
I conchided that phosoxygen had been generated. So- 
lutions of sulphure of potash^ and of potash, were intro- 
duced into the jar in separate vessels. A dimination 
took]rfaoe» The remaining gaa measured about twenty* 
five and half cubic inches, and appeared to be pure 
hydrogen. 

Since, then, tWo cubic inches and a half of hydrogen 
disappeared in this experiment; they were most pro- 
bably absorbed by the plant 
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I have found by several experiments, that Mignonette 
always grows very well in hvdrogen when siip[)licd \vith 
water. One of these plants lived in hydrogen lor a 
week in the dark, supplied with water by a ci^piUaiy 
tabe. At the end of this time the leavea became 
variegated with yellow spots, and the whole of the plant 
bore a sickly appearance. When these plants growing 
m hydrogen are deprived of water, they generally die 
in three or four days. In the experiment that I have 
just related, the eaxth of the pot in which the plant 
grew was mobtened previous to its insertion» and then 
covered with a tin-plate top, to prevent the water from 
evaporating. Some plants die in hydrogen very (piickly ; 
among these are Conium maculatum^ Chironea cen» 
taurium. Digitalis purpurea. 

In a mixture of hydrogen and carbonic acid, I found 
no plant to die when exposed to lighL From a number 
of experiments, I think I have every reason to condnde 
that plants directly combine with hydrogen ; but as they 
owe their irritability, that m, their life^ not to one prin- 
ciple alone, but to many, it is difficult to invent 
ample ei^eriments to determine singly then: attractioD 
for each. 

As vegetables attract liydiogcn, and as it is one of 
their most predonnnant principles if it be considered as 
a simple substance, it must be obtained by them irom 
the deeompontion of bodies into which it enters as 
a constituent part 

Vegetables are totally incapable of decomposing water 
by their attraction for hydrogen. Home land plants 
give out carbonic acid, and small portions of nitrogen 
during the night ; but there is no single instance of the 
production of phosoxygen from plants daring the ni§^t; 
To determine whether the water plants which strongly 
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attract hydrogen produce any gas in the absence of 

light, I made the foUowmg experiment. 

Experiment IL 

Into a green glass globe containing one hundred and 
four cubic inches, a plant of njmphiea alba in a state of 

healthy vegetation was inserted. The globe was filled 
witii water, previously boiled to expel the atmospheric 
air, and inserted horizontally in a vessel, so as to be 
perfectly included from light After remaining in the 
dark for four days it was examined. Two or three in- 
considerable globules of gas were found in the top; 
which suffered no diminution when mingled with nitric 
phosoxyd (nitrous gas). The vegetable was pale and 
sickly, and water had most probably combioed with it 

Water then is not decomposable by the attraction of 
vegetables for hydrogen, nor is it capable of decomposi- 
tion by the attraction of light for oxygen. 

The experiments of Priestley, lugenhouz, and Sene- 
bier, prove that land vegetables of all kinds produce 
greater or less quantities of phosoxygen^ when exposed 
to light in contact with water. I have repeated some of 
the experiments of lugenhouz, and have obtained nearly 
the same results as that philosopher. I endeavoured to 
establish the fact of the dc compositiou of water by light 
and an oiganized hydrogen attractor by the following 
e^eriment 

ExPERUiENT IIL 

A glass cylinder of the capacity of ten cubic inches 
was filled with mercury. Two small Tine leaves were 
introduced through the mercuiy, so as to detach all 
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atmoeplienc air from them. The mercaiial apparatus 
was now insetted in a Tessel of odd water. Aqueous 
gas was passed from a vessel containing water which 

had been long in ebullition, through a long tube into 
the evlinder, where it was condensed l)v the cold mer- 
cury. In this maimer the cylinder was hiied with water 
which held no cdr in solution. 

The cylinder still inverted in the mercurial trough 
was now exposed to light In a very short time air 
gl<)l)u]es began tu form on the leaves, and in about six 
hours sufficient was formed to be exauiined. It mea- 
sured two cuhic inches and a half, and was nearly pure 
phosoxygen* 

Since in this experiment no gas of any kind was hdd 
in solution by the water, and pure i^osoxygen was 
produced from it, it inubt have arisen from the decora- 
position of the water, by tlie combination of its oxygen 
with light, and of its hydrogen with the vegetal^ 

An immense quantity of water then must be con- 
stantly decomposed by the attractions of land vegetables 
and of light; and a considerable quantity of phosoxygen 
must be continuaiiy supplied to the atmosphere from 
this source. 

Carbonic acid» as well as water^ is formed in large 
quandties by combustion, fermentatton, &c.^ and is 
contumally Kberated daring the living action of peio^ 

* [The Mrtlior,ialib Leetnns oa Agikoltana Clieiimti7,(tfae 5«h lee* 
tiu«0 when tmlliig «f the ibnettons of the Imym of planti, raferiliig to 
tialB experlmeiity makes the Ibllowii^p ranaik:— ^* I obtained a eoitfi* 
derabk quantity of ozygea la an eipeiiiiient made lUteea ago, in 
which Tine lecm were espoaed to poie water; Imt en lepeattng tbe 
trial often sincci the quantities hare been rery much smallar. I am 
ignorant whether tliis difference is owing to the peculiar state of the 
leavcfi, or to some confcrvie which mi|^t have adhioed to the TCMd, or 
otlur loiurGei of fallacy."] 
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tive beings. Now as this gas is coiMideniblj beavier 

than atinuspiicric air, if it wiks not perpetually decom- 
posed by some means, the lower strata of the at- 
mosphere would soon become composed of it, the sup- 
ply of phosozjgen would be cut off from locomotiye 
oigauic beings, and peioeptiony thou^t, and action, 
would cease to exist. As carbon forms one of the most 
preilominant principles of land vegetables, we might 
conclude almost without expenment that the carbonic 
add of the atmosphere is somehow decomposed by 
tbem* To detennine whether land vegetables were 
capable of decomposing carbonic acid by tlieir attrac- 
tion for carbon, unassisted by the attraction of light for 
oxygen, I made the following experiment, 

£xr£RIM£NT IV, 

A small plant of cburonea centaurium, growing in a 

pot of very dry earth, was inserted under mercury, in a 
jar filled with very pure carbonic acid. It rcmanied in 
a dark closet for four days, and was then examined. 
The mercniry in the jar had ascended a very little» and 
the plant bad a pale and aiddy appearance. After the 
carbonic acid was taken up by potash, there remained 
in the jar a very small portion of an iiiconilHistible gas. 

From this experiment it is evident that the attraction 
of plants for carbon is too weak to enable them to 
decompose carbonic add ; bat that they combine with 
smaU portions of it, and thus supersaturated with 
oxygen become white and sickly. 

Light alone effects no dec oni]>osition of cailjonic 
acid, not even in its concentrated state in the electric 
aparfc. 

To detenmiie whathcf plants were capable of decom* 
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carbonic acid, aaristed by the attraction of light 

for oxjgtu, I made the following experiment 



Experiment V. 

I planted in each of two potB filled with moist e^rth, 
a small arenaria tenuifiilia. The two plants were of 

equal weights, and nearly simihir. They were inserted 
into two jars, containing each fourteen cubic inches, one 
of which was filled with nitrogen^ and the other with 
carbonic acid. The jars were inverted in mercury, and 
exposed to the solar light for four sncoeseive days of fine 
weather in the month of July. The plant in the car* 
bonic acid now looked well and healthy, that in the 
nitrogen dark and faded. The mercury in the jar 
filled with carbonic acid> had ascended considerably. 
The gases were now examined. In the jar with the 
carbonic acid there was a deficiency of 2*3 cubic inches. 
After the carbonic acid was taken up by potash, the 
reniaininp^ gas uieasured two cubic inches, and proved 
to be phosoxygen. In the jar containing nitrogen, the 
gas was not diminished more than three*tenths of a cubic 
inch. On the introduction of snlphure of potash a small 
diminution took place, amounting to nx-tenths of a 
cubic inch. This diminution was, I suppose, owing to 
the absorption of phosoxygen formed from the decompo- 
sition of the water of the plant 

From this experiment^ which I haye repeated two or 
three times on di£S»rent plants with similar results^ I 
conclude that carbonic acid is decomposable by the 
force of t^\ o attractions ; tliat of light for oxygen, and 
that of certain organised carbon attractors for carbon. 

Thus then we find in the vegetable world a source 
finr the decomposition of the carbonic acid and water 
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lormed in respiration and combustion. It is chiefly by 
the means of Tegetables that the eqnilibrium of the 
atmosphere is pxesenrecl, and on th^ chemical influence, 
and that of li^t, do we depend for oar existence. 

Animals may be cuusidered as absorbing in their 
respiration phosoxygen, and a^ taking in in their nutri- 
ment, hydrogen, carbon, nitrogen, and oxygen, and 
giving out peipetually these principles in new combina- 
tions; water, carbonic add, and probably ammonia and 
electric fluid. On this perpetual series of changes their 
life appears to depend. Vegetables, on the other hand, 
are continually absorbing water, carbonic acid, and 
probably ammonia and nitrogen, and assisted by light 
in the exercise of their organic functions giving out 
phosoxjgen. 

Without vegetables animals would cease to exist, and 
were locuuiotivc perceptive beings removed from the 
earth, vegetable life would soon be at an end. 

The vegetation of land plants then may be considered 
as the great source of the renovation of the atmosphere 
of land animals. 

We shall proceed to investigate the manner in which 
the inhabitant^} of the ocean are supplied with phos- 
oxygen* For as the experiments in my last essay prove, 
they eontuiuaily require it as well as land animals. 

I have found by experiments, that water equally 
dissolves phosoxygen and nitrogen, and that nitrogen is 
not expelled from \s ater by phosoxygen. The myriads 
of inhabitants that people the immensity of the oceau 
aie continually absorbing phosoxygen, and giving out 
carbonic add, &c. 

The sea water may be considered as continually dis- 
solving aUaospheric air. Now if there were no source 
for the absorption of the nitrogen and carbonic acid 
T OL. n. F 
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held in solution by water, and for the production of 
a quantity of phoeoxygen equal to that afaeotbed by fish, 
the waters of the ocean would soon become saturated 

with nitrogen and carbonic acid, and the perceptive 
iniiabitauts of it would cease to exist. 

As land vegetables are the renovators of the atmo- 
sphere of knd animals, analogy led me to msppoee that 
sea vegetablea must be the preservers of the eqiulibiium 
of the atmosphere of the ocean. 

1 iirst attempted to determine whether like laud 
vegetables, thej produced phosoxygen during the pre- 
sence of light; for tins purpose I made the following 
experiment 

EXPERDIENT VL 

Into a green glass globe containing a hundred and 
eighty four cubic inches of sea water, I inserted a large 
sprig of fiicus natans, another of conferva to&iculacea, 
and three or four pieces of an ulva, with the name of 

which I am unacquainted. The globe was exposed to 
the solar light. It had not been exposed many minutes, 
when I beheld with great pleasure, globules of gas form- 
ing on the vegetables, which in a short time were raised 
by them to the top of the globe. In about a quarter 
of an hour, a large globule was fomed, and in about 
two hours, sufficient to iiicasure. It was one cubic inch 
and half, and by trial with nitric phosoxyd, proved to 
be parts phosoxygen, and azote.* During thia 
experiment^ the thermometer stood at 47^, and the baro- 
meter at 29*9. 

Having ascertained that a compound gas was pro- 
duced from water by the marine ciyptogauxise, with a 
* A gw andimiiiiibAble by nitric phdiojcyd. 
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larger proportion of phosoxygen than atmospiieric air, 
I made the followiiig experiment to ascertain whether 
ail the marine dyptogamia produced this gas, and 
whether it was purer when the diflsolved air was expelled 
from the water by boUing. 

Experiment VII. 

Into a green glass globe conUdning a hundred and 
four cubic inches, filled with sea water previously wcil 
boiled to expel the atmospheric air, I inserted two cubic 
inches of fucus fibrosus. The globe was inserted in a 
vessel of boiled water, and exposed to a bright sunshine. 
Soon after its exposure the fucus became covered with 
a vast number of globules of air, which raised it to the 
top of the globe, and then detached themselves to form 
larger globules. In about four hours sufhcicnt gas was 
formed to ascertain the quantity and quality of it It 
measured two cubic inches and a quarter, — the mercury 
in the barometer standing at 30 inches, and the thermo* 
meter at 54^. By trial with nitric phosoxyd it proved 
to be -Y^^(^ phosoxygen, and -j'-^,^^^ azote. 

The globe being exposed the next day for six hours 
in a veiy bright sunshine, three cubic inches were 
feimed, about phosoxygen, and -f^ azote. 

The day after, the globe was exposed for nine hours 
and half of moderate weather; three ciiLic inches and 
half were formed, of nearly the same quality as the 
last 

On the fourth day of this experiment the sun shone 
very bright for five hours; two cubic inches were 

formed, -^^^ azote, and /^-jj phosoxygen. 

All the gas in this experiment \\ hic li was not dimi- 
nished by asotic phosoxyd, was put into a vessel, and 

f2 
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when exainmed» proved to be two-thiids nitrogen, and 
one-third carbonic acid. 

From this experiment it appeai-s that the fuci produce 
phosoxygeii during the presence of the solar light. The 
nitrogea produced in this experiment most probahly 
arose from a small portion of atmospheric air, which 
water still holds in solution though boOed. 

Experiment VUX 

Two cubic inches of ulva dichotoma were inserted 
into the globe containing a hundred and fom cubic 

inches, filled with water previously boiled. It was 
inserted in a jar cuntaiiunii water of a similar kind. 
This globe was ex|>osed for four days successively to 
the solar light. On the first day, in eight hours of sun- 
shine, three cubic inches and half of gas were formed, 
f ; r phosoxygen, and azote. 

On the second day, when the sunshine w as uncom- 
monly bright, in six hours two cubic inches and half 
were formed, of phosoxygen, and aaeote. 

The third day was showery, and the sun often ob- 
scured ; in nine hours but two cubic inches and quarter 
were formed, containing -^y^ phosoxygen. 

The sun was out and very bright coutiuually tor seven 
hours on the fourth day; two cubic inches and half 
were fonned, -ffy phosoxygen, and aiote. 

EXFBBIMBNT IX. 

Into the green glass globe of a hundred and four 
cubic inches, filled with boiled sea water, two cubic 
inches of confenra iittoralis were inserted, and the same 
precautions being taken as in the last experiment the 
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globe WM exposed to the solar light for four houn ; in 

this time five cubic inches of gas were formed, of the 
quality of 76.* 

The next day the globe was exposed for seven hours 
of sunshme^ and six cubic inches were fonned» of the 
qosHqr of 78. 

The day after, the globe was again exposed for eight 
hours; five cubic inches were iormed, of the quality 
of 81. 

On the fourth day, the weather in the morning was 
doody; but in the afternoon the sky brightening, it 
was exposed for three hours and half, and in this time 

two cul)ic inches were formed, about S(i. 

The giis produced in this experiment, unalterable by 
nitric phosoxyd, was chiefly nitrogen, 

Durii^ the whole course of these experiments, I per- 
ceiml no sensiUe difference in the production of gas 
corresponding to difference of temperature. 

From these experiments it is evident th;U the different 
orders of the marine cryptogamia arc capable of decom- 
poeing water, assisted by the attraction of light for 
oxygen. 

I discovered by analysing the sea-weeds, that they 
were composed chiefly of hytlrogen, l arbon, and nitrogen. 

As carbon is incapable of solution in water, it is evi- 
dent that the sea-weeds must obtain it from the decom- 
position of some of its combinations. I fi>und that sea- 
weeds placed in water saturated with carbonic acid, pro- 
d ULC'd no alteration in it in the dark for some daj b, 
except that of disengaging portions of the dissolved 
ca rbouic acid. 



• To prcrent unnecessary repetitions, I shall for the future express 
the quality of gttses by giving the quantity of phosozygen in 100 partf, 
from whence the (j^uantity of azote will be kuown. 



102 ON THB GBNBRATION OF PHOSOXTOfiN, AND 



To detennine their capabiii^ of decompodng it, 
assisted by the attracticm of light for oxygen, I made 

the following experiment. 

Experiment X. 

Into a vessel containing sixteen cnbic inches of car- 
bonic acid, two cubic inches of conferva scopularis were 
inserted. The vessel Ava^ inverted in mercury, and 
exposed to the solar light* It remained in a bright 
sunshine for eight hours, and at the end of that time 
was examined. The gas was diminished to eleven and 
half cubic inches, so that there was a deficiency of live 
cnbic iiic'hcs and half. Of the eleven and halt cubic 
inches remaiiiinp^, two were phosoxygen, the remainder 
pure carbonic acid. 

To determine that the whole of the phoeoxygen pro- 
duced in this experiment did not arise from the decom- 
position of the water in the vessels of the plant, I made 
(lie following comparative experiment. 

EXPEIUMENT XI. 

Two vessela, containing each ten cubic inches, weie 

filled, one with carbonic acid, the other with nitrogen, 
nndcr mercnry. Into each of these, sixty jrrains of 
conferva littoralis, previously wiped dry, were inserted. 
The vessels were exposed to the solar light for six hours, 
and then examined. The carbonic acid was diminished * 
two cubic inches, the nitrogen not more than one-fourth 
of an inch. One cnbic inch and seven-tenths of phos- 
oxygen was found mineled wiili the caibonic acid, 
with the nitrogen only six-tenths of phosoxygen. 
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EXPBBIHENT Xn. 

Two glass globesy containiDg a hundred and four 
cubic inches each^ were filled^ one with boiled sea water^ 
and the other with sea water holding in solution carbonic 
add* Into each of them was inserted a hundred <rriuns 
of flicus natans. They were then exposed to the solar 
light for four hours, and at the end of that time ex- 
amined. In the vessel containing carbonic acid and 
water, three cnbic inches of gas were formed, sixty-four 
parts pliosoxjgen, sixteen carbonic acid, and twenty 
nitrogen. In the vessel with water, one cubic inch and 
sLx-tentlis, of the quality of 75. 

From these experiments it is evident that carbonic 
acid is decomposable by the attraction of the manne 
ciyptogamia for caibon, and that of light for oxygen. 

Since nitrogen is one of the principles of the marine 
cryptogamia, and since it is held m solution by water in 
a very large proportion in atmospheric air, it occurred 
to me that the marine cryptogamia attract it from the 
atmospheric air dissolved in the se% and combine widi 
it. To ascertain this I made the foUowing experiment 

Experiment XIIL 

A glass jar containing thirteen cubic inches, was 
filled with nitrogen under mercury. Into this^ two 
cnbic inches of conferva purpurascens were inserted^ and 

the ([uantity of gas in the jar accurately determined. 
Thus disposed, the whole a])paratus was suffered to 
remain in the dark; the mercury in the thermometer 
standing at 61^ After four days the apparatus was 
examined; the mercury had ascended considerably^ and 
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the gas wa£ measured. There was a deficiency of a 
cubic inch and hal£ I could not discover that any 
gas had been given out by the plaaL 

EXFBSIMKNT XIV. 

A small glass vessel containing eight cubic inches^ 
was filled with nitrogen under mefcuiy. Into this two 
cubic inches of fucus vesiculsous were inserted. Hie 
apparatus was exposed to the solar light. After re- 
maining for two days of fine weather, the gas was ex- 
amined ; there m as a deficiency of a cubic inch and 
qoarter^ and hail au inch of the gas remaining was phos- 
oxygen, A cubic inch and three quarters nitrogen 
were consequently absorbed by the plant. 

The similarity of the constitution of tbe atmosphere 
depends on the equilibrium between the gases absorbed, 
and those generated. 

Locomotive perceptive beings are continually absorij- 
ing phosoxygen in their respiration, and giving out 
carbonic acid, water, &c. Vegetables, assisted by the 
attraction of light for oxygen, are continually decom- 
posintr water and carbonic acid, of wlilch tlic oxygen is 
liberated iu combination with light, and the hydrogen 
and carbon combine with them. 

Nitrogen is probably liberated during animal action ; 
and this principle is l&ewise absorbed by some of the 
vegetables. 

The equilibrium of the gases held in bolution l)y the 
waters of the ocean is preserved by the marine crypto- 
gamia class of vegetables. 

Hie marine animals are continually absorbing the 
phosoxygen of the atmospheric air held in solution by 
water, and giving out carbonic acid, uud probably other 
principles. 
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The maiioe y^;etable8 ve continually ^sorbing the 
nitrogen of the atmospheric air held in eolation by 
ixrater ; and assisted by the attraction of light for oxygen, 

decomposing water and carbonic acid, combining witli 
the hydrogen and carbon, and liberating the oxygen in 
combination with its attractor hght. 

Thus the seapweeda that eyery where cover the rocks 
at the bottom of the ocean^ are continually giving out 
phosoxygen during the presence of light In the 
deeper parts of the ocean the piiusox\ nren, continually 
formed in small globules, is probably almost wholly dis- 
solved by the sea-water before it can reach the atmo- 
sphere above ; but near the sea^coasts where the marine 
confervse are found in immense quantities, the greater 
portion of the phosoxygen formed on their leaves is 
liberated into the atmosphere.* 

From this discovery wc are enabled to account for a 
number of piuenomena before inexplicable. 

1. In wluit manner the equilibrium of gases dissolved 
in the ocean is mahitained. 

2. Why the sea air is purer than that of the land. 

3. Why the air near the sea coasts is even purer than 
that on the ocean.t 

• The iuiluwijig ifl au ar« ount ot the coin]>osition ul' the aliuo^iphtre in 
different parts of Jluuuts Buy in Coruwall, where the experiments on the 
marine cryptogamia were made. On a calm morning in May 1708, the 
nMfeoiy In fbebuameter stendiiig tt 89*S, and Uial la flielheniMiMter 
at 65, the air la the middle of Penisnoe coDteined SS*5 per eent. phcw- 
oxygen. The air on the rocki of the sea-ebon SO. The air on the tea 
•hovt a ItarlODg ftom the diorei nearly tihe nme praportioii ; at a quarter 
of a mile from the shore, the proportion was SO'liL About a mfle, S0*1 . 
At two miles 29* 12, and at fimr mOes 89. On a calm morally the air at 
the land's end was 20*13. 

t [Tliese were inferences from erroneous exporiments. Vide his 
account of a new eudiometer" in this volume, in which they are 
corrected.] 
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Nature then lias catenated together organic lieings, 
and made them mutuallj dependent on each other for 
their existence, and all dependent on light. 

A privation of light would be immediately destrue- 
tive to organic existence ; vegetation would cease ; the 
hupj>ly of phosoxy^cn would be (juickly cut oft" from 
animals ; the lower strata of the atmosphere would 
become composed of carbonic add* and perception and 
volition would exist no longer. 

The irritability of the living fibre of plants appears to 
depend on the equilibrium between its principles. This 
equilil)rium is preserved by light. The ])nnciples of 
the fibre are chiefly carbon, hydrogen, oxygen, and 
light. Some of them contain portions of nitrogen. The 
irritable vegetable fibre appears to be a pbosoxyd similar 
in some respects to the animal fibre, but containing 
snialler propurdons of nitrogen and light. Different 
vegetables possess different degrees of irritability. The 
mimosa sensitiva^ the dionea muscipula, and some other 
plants^ possess an irritability so exquisite as to border 
on the sensibility* of animals. The irritability of the 
8ca-wced is so indistinct as to be scarcely perceptible. 
The more ]>( vW-vi land vt gctables, possessed of a vas- 
cular system, require a supply of food slowly and 
regularly. They possess a power of giving out as ezcre- 
mentious» the principles which are noxious to their 
existence, and by a beautifiil economy of nature are 
capable of reproducing their species. 

The marine cryptogamia, in their organization and 
functions, are very much inferior. Attached to the 
rocks on the bottom of the ocean, they assimilate to 

* The observations of n mmt injrcnioas philosoi^luT, Dr. Darwin, 
rc'Tulor it probahlo that Honic of tlic more perfect vcget-ubles poMi.^ S&H- 
•ibility. bee I>an»'m'i Zoouoouai vol. i. p. 101 and 103. 
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them nitrogen and water, and assisted by the attraction 
of light for oxygen, combine with hydrogen and carbon ; 
they appear to poflsefls no regular ▼asciilar flystem for 
die drcolation of flnids^ and abaolutely in their generar- 

tion and growth appear to follow the law of assimilation 
of particles, sinniar to that by which minerals are crys- 
tallised. 

The light entering into the composition of vegetables 
appean not only to be the principle on which their 
irritability more peculiarly depends, but likewise to be 

the principle to which they as well as all substances 
chiefly owe the ditierenccs of their colours. We do not 
assert that light is the general colouring principle ; this , 
would be absurd in the present state of our knowledge* 
We shall attempt to demonstrate that many vivid 
colours depend on combined light. 

Almost all the simple substances and the combinations 
of the simple substances that contain no light, are 
either pellucid, white, or blaclc. Among these are the 
gasesy water, alcohol, the acids, the alkalies, the pure 
earths, phosphorus, sulphur, when in its pure state and 
uncombined with light,* carbon, and the different me* 
tallic substances which in general are either white, or 
black and white, that is, grey. Copper, which is 
yellow, appears to contain light, and probably some 
other metals. 

The compounds into which oxygen enters, and which 

contain no light, as oxyds, acids, Sec. are likewise gene- 
rally either transparent, white, or black ; transparent, 
as the simple acids and some of the oxyds; white, as the 

• Sulj-hur, in its common state, evidently contains u portion of liirht, 
as is evident from tlic experiment mentioned in that part of the last 
eam^- which relates to phosphorescent bodies. 
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oxyds of lead, zinc> and antimony; black, as the oxyd of 
iron. 

Tiie inorganic compounds containing phosoxygen, 
aie almoet all of vivid coloufs ; aod these coloim appear 
to be in some measure correspondeiit to the qnaniities 
of light entering into their composition. A small quan- 
tity of li;j;ht combined with oxygen mikI metallic 
bodies, renders them either brown, as the argentic and 
ferric phoBoxyds,* or pufple, as the auric phofioxyd. 
Bodies containing a laiger proportion are either greeui 
as the cupric phoeozjd, or yellow^ as the tungstic 
phoeoxyd. The phosoxyds containing a sdll larf^er 
portion of light, are bright red, as tlie phimbic and 
mercuric phosoxyds. The chromic phosacid, as was 
observed in the last essay, likewise owes its colour to 
combined light 

The phosoxyds lose their cokraxB when light is sab- 
tracted from them in combination with oxygen. 

When the tungstic ]>hosoxv(l is exposed to Hght, it 
gives out phosoxygen, and turns from yellow to blue. 

The mercuric phosozyd» on the subtraction of a por- 
tion of its light in combination with oxygen, becomes 
brown. 

The plumbic phosoxyd Ukew isc liecomcs brown oii a 
subtraction of a portion of its liglit and oxygen; when 
the whole of its hght is subtracted, it becomes white. 

The sulphuric add combines with the plumbic oxyd, 

• In my U«t essay, treating of thft phosoxyds, 1 have neither nu-n- 
ttoned the fprrtr. rnprir, nr Miir t obaltic phosoxvds, tHfan^o I nm ]tn»- 
sessed of in> fuels wlutli absoiutely prove the presence of Hpht iti these 
bodies. Thin, however, i.s extremely probable, not only from analogry, 
but firom the phsenomciia observed in their oxydation. Tlie variety of 
eolours of the oxyds of iron combined with earths, kc. depend moii 
probably on the different quiiititiei of light entering into their com- 
potitloa. 
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but not with the plumbic phoBOzyd* When it k poured 
on the Uttt^ phoeoxjgen is given out, the phosozyd gra- 
dually loaea ita colour with ita light and oxygen, be- 
comes white, is converted into an oxjd, and combines 
with the acid. 

The green prussiate of iron^ on a subtraction of 
oxygen and light from it, becomes blue. 

The whiteness of etiolated vegetables is occasioned 
by the defidency of lig^t; the different shades of green 
in the leaves of vegetables depend on the light entering 
iiUu their composition; and the fine colours of the dif- 
ferent flowers appear to be produced by combiucd light, 
as will appear torn the following experiments and 
observations. 

EXPERIBIBNT XV. 

Two lettuces of equal size^ both fine, healthy, green 
plants^ were planted in two pots filled with moist earth4 
one of these plants was inserted in a jar filled with 
carfoonic add, and deprived of light. The other was 

exposed to Hght and aiinaspheric air. In about twelve 
hours the inferior leaves of the plant in the dark began 
to fade, which obliged me to remove it out of the jar 
filled with carbonic acid^ and expose it to atmospheric 
air. It remained deprived of light for six days, during 
which time it was plentifiiUy supplied with water. At 
the end of this time the leaves were very pale, the lower 
ones periisctiy white ; on the upper ones a few spots ot' 
green renuuned. It was again deprived of lights and 
daily sapplied with water. After remaining fi>r a week 
It vras again examined: the leaves were now quite 
white. 

The piant which had been exposed to light and air 
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was now examined. Ii uiis of a fine lively tjrcen, ami 
much larger than the etiolated plant. Equal vvcighu} of 
the leaves were analysed by destructive distilladon. 
The only perceptible diffeience in the products was a 
larger propordon of caibonic acid and water in the 
while, and in the crrccn mure hydrugcii and residual 
carbon. 1 obtained troui some of the remaining green 
leaves, by a low heat, a small quantity of phoeoxygen 
mingled with cartx>nic add ; from the white, caibonic 
add alone. 

I have often obtained from the green leaves of vege- 
tables, by applying a low heat very gradually, small 
portions of phosoxygcn ; from which it appears that the 
green colours of vegetables depend on the lights or the 
phosozygen entering into their composition, and the 
whiteneas of etiolated plants, to the defidency of light 
in their composition. 

Plants, in the process of etiolaiion, iuse the light 
combined with their leaves, and become white They 
are as well capable of combining with a larger propor- 
tion of light, and thos supersaturated with light, become 
bright coloured red or orange, as will appear from the 
followiug experiment. 

Experiment XVL 

I procured two lettuces and two plants of sorrel 
(rumex acetosa) of nearly the same siie. One of each 

kind was ])lanted in moist clay, which had been before 
proved to he fit for vegetation, the other in silicious sand 
mingled with a little clay. The plants in the clay were 
placed under a shady wall and daily watered ; those in 
the sand were placed hi a situation constantly exposed 
to the sun, and were supplied with very small quaniidcs 
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of water. In about six days the plants exposed to light 
beeame spotted with red and orange in manj parts of 
their leaves. These spots continued to increase in 
nnmber and size, and in about a fortnight the colour of 

the upper piirts of the leaves of the lettuce were changed 
to a dark red. The upper parts of the leaves of the 
mmex acetosa were red, and the lower of a duskjr 
green. The plants in the shade were of a fine green. 
Compcurative analyses of eqnal parts of the green and 
the red leaves were made. The results of three expe- 
riments were, that the red leaves containc d !ii'»re plios- 
ozygen, hydrogen, and residual carbon^ aud the green 
more carbonic acid and water. 

From this experiment it is evident that the red or 
brown cc^onrs of leaves too mnch exposed to light, is 
owing to their containing a superabundance of light, 
which, in the analysis, combined with oxygen. 

The different colours of the leaves of different plants 
then, most probably depend on the difierent quantities 
of light, oxygen, and carbon^ entering into their com- 
position. 

Flowers, like leaves, depend for their vivid colours on 
the light entering into their composition. The red 
fiowerSy as tlie rose, anemone, &c. appear to contain the 
greatest quantities of light I have found by experi- 
ment that red rose trees, when carefully included from 
liorht before their flowers begin to appear, and supplied 
plentifully with water and carbonic acid, produce iiowers 
almost w hite. 

By making comparative analysis of the white and red 
rosesy from several experiments^ I think I have evexy 
reason to conclude that the red roses owe theur colours 

to combined licrht. 

By distilling muriatic acid trom red rose leaves, I 
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discovered that a small portion of the acid was converted 
into muriatic phosadd, which proves that the red loie 
leaves contaiB light aad oxygen. 

The pink, orange coloured, and yellow flowers appear 

to contain smaller proportions of light; the dark purple 
and blue still less. In the white llowers I have never 
been able to detect the presence of light* The fine 
colooiB of firoitBy which depend entirely on their expo- 
sure to light, most probably depend, like those of flowen, 
on the light entetiDg into their composition. 

T have made some experiments on the manue crypto- 
gamia, which seem to prove that they are governed by 
the same laws of colour as land vegetables. I have 
sueoeeded in blanching the dark coloured confovn by 
secluding them flnom light, and their different colours 
appear to depend on the different quantities of light, 
<j.xygen, and carbon, entiring into tiicii coinj>osition. 
Zoophjta and fish, the perceptive inhabitants of the 
ocean, i^pear to depend on similar causes for their 
colours* I have observed that the zoophy ta exposed to 
light are uniformly brighter colonred thnn those which 
have been bv any means secluded from it, and I sue- 
ceeded in altering the colours of two sea anemonc^i 
trom a dark red to a pale pink, by secluding them &om 
light. 

The parts of fish which are exposed to ligb^ as the 
back fins, &c. are uniformly colonred red, brown, green, 
yellow, blue, &c. in different fishes; but the IkIK, 
which is deprived of light, is uniibrmly fouud white in 
all of them. 

Rational analogy alone would induce us to suppose 
that the colours of land animals depend upon the same 

causes. Independent of this, we have facts and experi- 
ments suihcicut to establish this truth. 
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The birds that inhabit the tropical countries are much 
brighter coloured than those of the north* Those parts 
of bifds which are not exposed to light are unifonnly 
pale. The feathers on the bellies of birds arc generally 
pale ur white: the back, which is exposed to light, is 
ahnost always coloured : the breast, which is partially 
exposed in most birds, is brighter than the belly, and 
paler than the back. Those parts of the same feather 
which are exposed to lights are uniformlj bright 
coloored, when compared with those parts that are de- 
prived of its influence. 

The colours oi quadru[>cds depend on sinuiar circum- 
stances. The beasts of the equatorial countries are 
nnifomily brighter coloured than those of the pokr 
eonntries. The hair on the parts of beasts not exposed 
to hghl is uTiifornily paler than that coverinii: tlie parts 
exposed to its iiillueuce ; and it affords a striking ])roof 
of the truth of this theory, that some of the northern 
animals are dark coloured in summer, and white or pale 
in winter* 

The hnman being is equally dependent for its colour 
on the influence of Hght. 

The colour of the skin depends on the colour of the 
rete mucosum. This is white in the people that inhabit 
the north of Europe, copper coloured in the American, 
and black in the Negro. The cuticle, which is of the 
f?ame colour, and e(jually pellucid in the different 
species of mankind, appears to contain no oxycTcn or light, 
and is most probably composed oi carbon, hydrogen, 
and nitrogen. The rete mucosum is probably com- 
posed of cari)on, oxygen, hydrogen, and nitrogen. The 
comparatire quantities of carbon and oxygen in it 
appear to occasion the differences of its colours. These 
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quantities depend on the quantity of oxjgen attracted 
fix>m it by light 

Light actiiig on the rete mnooMon of the Afiican^ is 
continually subtracting oxygen, the principle to which 

its wliitLiiess is owing. When the oxvfron is subtracted, 
the carbon becomes the predominant principle, and 
hence that blackness peculiar to the negroes and the 
inhabitants of the toirid zone.* In the Americans^ the 
inhabitants of Asia, and the southern Europeanfl^ the 
colour varies firom dark copper coloured to pale tawny. 
These people are less exposed to light than the Negroes, 
consequently their skin contains a laiger proportion of 
oxygen* The inhabitants of the northern countries^ 
who are still less exposed to lights are white : their lete 
mucosom contains its full proportion of oxygen. 

In Europeans we fmd the parts of the body 
ex[)o&cd to light, darker coloured than those that are 
covered* 

Women, who are less exposed to light, are fiurer than 
men. 

A subtraction of oxygen firom the rete mncosom by 

any incins, unifonuly blackens it The application of 
sulphurc of potash blackens the skin almost instantly, 
as I have found by experiment By combining with 
o^gen the rete mncosum is nniformly whitened* Dr* 
Beddoes whitened the fingers of a Negro by muriatic 
phosacid, whicli appears capable of giving out a small 
pui iion of oxygen and of slid retaining all the light 
entering into its compoaition. 

* [Hie eaaie of tlie daikeniDg eflbet of tho loii's nyi on the lele 
maoooamormiftoe of tlie0itMt«era,i«miiiistobe«aeertiiiieilj It to op* 
poaite to thdr oflfeet on the hair, wbich U bloodied by ezpomiie to light : 
vrhon moflt ttroDgly mariced, to in the son-burnt/' It to conneeted with 
iaflaaunatory action.] 
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The different coloun of difieient parts of the oiganic 
matter of the bodj depend chiefly on the light and 
oxygen entering into their composition. 

The red muscles, as we attempted to prove in the 
hist essay, are pbosoxydated compounds, and probably 
owe their colour to the light entering into their compo- 
sition. From the white colour of the nerves^ and their 
office of conducting, and heing excited into sensible 
action by condensed light, we may conclude that they 
contain no light in their composition. The arterial 
blood owes its fine colour to the light and oxygen 
entering into its composition; the venous blood is 
black firom a deficiency of light and oxygen. 

The colours of the cheeks depend on the number 
of blood vessels in the cutis, the quamity of blood 
circulating through them, the colour and thickness 
of the rete mucosum and the thickness of the 
epidermis. Hence those people who have a thin 
epidermis, a white rete mucosum, and a number of 
blood vessels in the cutis, have very rosy cheeks. 
When the veins on the surface of the cutis are more 
numerous than the arteries^ the colour of the cheeks 
will approach more to dark red or purple ; when^ on 
the contiaiy, the arteries are more in number than the 
veins, the colour will approach nearer to fine vermltion, 
which is the hue of health. 

Whatever increases the general action of the arterial 
system, reddens the colour of the cheeks: general 
stimuli produce this e£Pect. Certain passions of the 
mind more peculiarly occasion an increased action of 
the vessels of the skin of the cheeks. 

Though the differences of the colour of the skin in 
different nations must have origmally depended entirely 
on the chemical influence of light; yet when these 
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coloun are once produced, their changes are in some 
measure dependent on the mind. Wlien certain coIoutb 
are considered as beanlaiul, the generating imagination 

makes them hereditary, and die chemical changes from 
the influence of light are more hIowI v j^roduced. Thus 
Europeans^ though exposed to light in the African 
countries, do not become black, but in a great length of 
time ; and Negroes, though deprived of light, their 
accustomed oxygen attiactor, are not blanched for 
many generations. 
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ADDENDA. 

Thb ezperimentB on the geneimtion of heat were made 
long before the publication of Count Rutnford's ingeni* 

ous ]>ai>er on the heat produced by Inction. His 
expeiiinents alone go Ikr to prove the non-existence of 
caloric^ and when compared with the second and third 
experiments in my essay, will, I should conceive^ leave 
no doubts on the mind of the impartial and philosophic 
reasoner. 



As vegetables depend for their life on a certain equi- 
librium between their principles^ they must be contin- 
ually supplied with the different substances by which 
this equilibrium is maintained. 

A supply of water, carbonic acid, light, &c. is essential 
to the true vegetative [process. The erreater nimiber of 
vegetables die in a short time^ when deprived either of 
water or carbonic add. 

I should suppose^ that if it were possible to deprive 
carbonic acid, hydrogen^ and nitrogen, of the water 
they geiu rally hold in solution, they would be soon 
destructive to all vegetables. The phases that I made 
use of in my experiments probably contained much 
water, as I always filled my vewels under water, 
and then transferred them to a mercurial trough, 
the sur&ce of whidi was covered with water saturated 
vr'ith the gas with which the experiment was to be 
made. After the insertion of the plant, the height of 
the mercury was marked ; firom whence the absorption 
of ^ could easily be known. 
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In carbonic acid coniined in this manner under 
meicuiy, many vegetables live for a conaiderafale dine* 
Among these yegetables are the different Bpedes of 
arenaria, the cfaiionea centaiuiumy and the aedum an- 

gUcum. 

As I was obliged to be methodical in my last essaj, 
I have only mentioned one experiment to prove the 
decompositicm of carbonic acid by plant% that on the 
arenaria tennifolia, becaose it was the most eondoaive. 

I do not, however, suppose that the whole of the phos- 
oxygen produced in that experiment arose from the 
decomposition of carbonic acid; some of it probably 
arose from the decomposition of the water dissolved by it. 

Some plants die in carbonic acid in ten or twelve 
hours ; among these are water pknta in general^ and the 
different species of rumex. 



The generation and growth of vegetahiesy though 
apparently very complex processes, depend on dhe 
simple laws of attraction and repulsion. The apparent 

regular expansion of a vegetable germ is produced by 
its power of attracting and assimilating to itself a 
number of principles. Vegetation only differs from 
ctystaiization, as being a more complex process. In 
crystalization certain partides^ homogeneal in relation 
to each other, combine together according to the laws 
of their reciprocal attractiuns ;ui(l repulsive motions^ to 
form reguhu: figures. In vegetation^ a compound sub- 
stance (that is, a germ) is capable of attracting different 
principles. When these principles are assimilated to it^ 
it possesses the power of attracting new ones, and thus 
shoots out into leaves of diffcreiu iuniiSj and conlinuriliv 
gauinig new attractive powers^ at leugdi produces 
flowers and friuts. 
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To illustrate this, \re will suppose a genn of a certain 
figure, oompoeed of carbon^ hydrogen, and oxygen, 
in certain propordons. The combined attraction of 

hydrogen and carbon for oxygen, and tiial ui owfjcn 
for hydrogen and carbon, enables the germ to coinbmc 
with water and carbonic acid. These principles become 
assimilated with it, it consequently increases in bulk, 
and rises above the soil which gave it birth. When 
acted on by light, a new chemical process takes place ; 
the ;ilnin(l;iiu water and carbonic acid, the oxygen 
of wiiich rendered it white, are decomposed by the 
attraction of light for oxygen, and probably by the 
mutual attractions of hydrogen and carbon for each 
other. A new equilibrium of principles now takes 
place ; the plant becomes capable of combining with 
portions of phosi)xy*j:on, and its colonr gradually changes 
irom white to green, in this manner the vegetative 
process proceeds ; from the assimilation of new princi- 
ples new attractive powers are continually gained, and 
difierent parts of the plant become of diflerent forms 
and colours. 

It is probable that the process of animalization ih 
similar to that of vegetation, and different only as being 
more complex. Indeed, as the principles of living 
beings become more nnmerous, the delicacy of organiza- 
tion increases. 

The combination of particles, homogcncal in relation 
to each other, produces regularity of form. The com- 
bination of different principles, according to certain 
laws of attraction, produces irritability. Sensibility 
may be the result of an infinitely more complex oigani* 
zation. 



Almost all the vivid colours with which we are 
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acquainted^ belong to the substances which codUud 
light We do noty however, mean to assert that colour 
is a necessary effect of combined light ; on the contrary, 

niiiiiy Ijodics that contain a considerable quantity ot 
lii?ht in their eoni[>o&iii()u. are white, l)lack, or pel- 
lucid ; white, as the phosnitrates, black, as the phosoxyd 
of manganese, and pellucid, as the phosacida. 

To call any principle the colouring principle, is 
absurd. The colours of bodies, as we attempted to 
prove in the doctrine of liprht, depend on their capacities 
for subtracting the repulsive niotiun of light. The 
colours of compound substances are found in general to 
be totally different from, and to bear no relation to^ the 
colours of their constituents. Two transparent sub- 
stances combining, often produce an opaque hodv; 
and two wiute constituents, a vivid coloured compound. 
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iiXTRACT FROM 

A LETTER TO MH. NICHOLSON, 

ON CERTAIX FACTS RELATL\(i TO HEAT AND LIGHT, AND 
ON THE DISCOVERY OF THE DECOMPOSITION OF THB 
CAABONATB AUD SULPHATE OF AMMONIAC* 

An experiment on the colJision of fliat aiid steel in 
vacuo, and in carboDic acid» published in mj Itssay oa 
Heat and Lights differs eonfflderably in its results from 
a simiJar one made long ago by tlie ingeniocB Mr. 
Uawk8bee.t In repeating my experiments a number of 
limes under new cireumstances, I have discovered iho 
cause of this diiferencc. When the gun-lock is snapped 
in carbonic acid, or in water, if a siiarp and thin flint be 
made use and the springs be strongs a £sunt red light 
IS generallj perceptible : but if the flint be thick^ and 
sufficnentlj sharp only to strike off parttcies from the 
steel without sufFerinp: considerable abrasion of its own 
parts, — though vivid sparks arc produced in the atino- 
q>here, not the slightest luminous appearance is per- 
ceptible in carbonic acid li^ instead of flinty fluor- 
^Muv phosphate of lime^ or sugar, be robbed jpireUy 
brLskly against steel in carbonic acid, as much light is 

f^* In t€M Uum twelve months from the time of publication of the 
preceding Baaays, the Author's confidence in the theofy ^hich he 
had advanced in them re»jM»ctiui^ light and its combinations was shaken. 
His «ce|)tiri«m ojt t)tf siihjcrt, arising outof u more extousive experience, 
and a knowledge oi'm \v facts, \w expressed in a letter to >Tr. Xicholson, 
iji-'Tr-*-<l 111 hiH Jouriiiit, — ^the Number for Fcl>niar>-, 18U0, of wiiich the 
above i» an extruct, it otlers a striliing cxunipic, Uow little he was under 
the boudage of that cuuiiidtency in regard to opinion!!'' wliich he con> 
sidered as " the slow pobmi i^ intdlectoal life."] 
t VhSL tana. YoL xsdr. p. 8186. 
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produced as when they arc rubbed against it in common 
air. These facts induce me to believe that whenever 
light is produced by the collision of flint and steel in 
carbonic acid» it arises from the collision of small par- 
ticles of flint against each other, and never from the 
ignition of steel. I have often examined in a micro- 
scojK' tlic small })artic'lcs of steel struck off by flint in 
carbonic acid ; tlie edges are geuerallj deprived oi 
metallic iustie^ and exhibit an appearance of fbsion. It 
is probable, however, that this appearance is owing to a 
partial oxydadon of the particle, from the decompondon 
of tlic water held in solutitJii by carbonic acid. In Mr. 
Hawksbee's experiments, the a])paratus was contrived 
in such a way as to produce perpetual abrasion of par- 
ticles of flint In my experiments, the flint was not 
sufficiently thin to produce light in carbonic acid, con- 
sequently it ought to have produced none in vacuo: 
but if (as the facts I am about to detail render pro- 
bable) the light produced by flint, fluor-spar, phosphate 
of lime, &c. on collision, be electrical, there are strong 
reasons for believing that in a Torricellian vacuam, or 
in a vacuum formed by die absorption of carbonic acid, 
by a soludon of potash sufficiently concentrated to form 
a solid compound with it, no light ^^ ouhl he visible. 

Mr. T. Wedgwood ibund that fluor-spar, phosphate 
of lime, flint, &c. were luminous, not only when heated, 
but when struck together, and that under water, or in 
any kind of air. Scheele discovered that fluor-spar, 
after calcination, lost its phosphorescence. 1 exposed to 
a long-continued red heat fluor-spar, phosphate of lime, 
sulphate of strontian, sulphate of barytes, glass, sulphate 
of lime, and carbonate of lime, all of which were before 
phosphorescent, and produced light by collision under 
water. 
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After being Bufieved to oool in the light, they vrere 
placed on a heated iron succeflsiTely. The fltiorH^par, 

the phosphate of lime, and the sulphate of stroniian and 
barytes were not phosphoric at any temperature. The 
calcareous spar^ which had lost a portion of its carbonic 
add, and the gypeiim» were neariy as ^luminous as 
before ; the phosphorescence of the glass and flint was 
barely perceptible. 

Two pi( t i s of calcined Huor were now rubbed le- 
ge liicr ; they produced as much light as before. The 
pho^^phate of lime^ the calcareous spar^ and the gypsum 
had lost their coherence, so that the pieces could not be 
nibbed against each other with sufficient force. The 
sulphate of strontian and barytes, the glass aiul lIic 
silex produced as much light as before on collision. 

I found that all these bodies were non-conductors of 
•the electric fluid* On rubbing a laige ciystal of quartz 
with flannel^ it became highly electric* Fluoivepar was 
likewise made electric when heated and strongly 
rubbed. To ])rove, however, more satisfa( torily whether 
the hght produced by the collision of two non-conduc- 
tors was electric^ two cylinders of glass were struck 
against each other^ so as to produce ligh^ and one of 
them , was placed in contact with a Ley den jUaL After 
a number of collisions, on applying a conductor to the 
phial, 1 procured a small spai'k. 

Two pieces of pyrites, sufficiently hard to cut glais, 
and extremely brittle, produced an immense quantity 
of iig^t when struck together in the atmosphere ; but 
not tiie slightest luminous appearance under water. 
•This body is a good conductor of the electric fluitl. 
Do not these facts go far to prove that liiiht, when 
produced by the collision of bodies in water, or non- 
respirable is. electric, and generated by the rapid 
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tmiflmiasion of electrical fluk^ eiccited by coDiAcn 
between two non-conducttng Bur&ces, to a conducting 

body? And, as iron can be heated to a degree at 
which it is capahlo of decomposiuL!; oxygen gas, in a 
Qou-respirable air without being luminous ; and as 
pyrites is not Inminons under water, is it not probable 
that light is accidental to, and not necessarily produced 
by, high temperature ? 

The admission uf such inferences would be lavour- 
able to my theory of tlic combinations of light ; but 
facts have occurred to me with regard to the decom- 
pontion of bodies which I have supposed to contain 
light, without any luminous appeaiaace. Till I hare 
satisfoctorily explained these &et8 by new expetiments, 
I beg to be considered as a sceptic w ith refi^ard to my 
own particular theory of the combinations of light, and 
theories of light in genmU On account of this scep- 
ticism, and for other reasons, I shall in futoie use the 
common nomenclature; excepting that as my disco- 
veries concerning the gaseous oxyde would render it 
highly ini])r(^])( r to call a piitK iplc, which in one of its 
combinations is capable of being absorbed by the venous 
blood, and of increasing the powers of life, azote, I 
shall name it, with Dr. Pearson, Mr. Chaptal^ and 
others, nitrogen, — and the gaseous oxyde of asote, the 
properties and composition of which have been mis- 
understood by the chemists^ who gave it that namq, 
nitrous oxyde. 

Many months ago^ I made a number of experiments 
<m die composition, analysis, and decompodtion of the 
ammoniacal salts. These experiments have affbrded me 
curious and interesting results; but a wish to complete 
the investigation relating to the nitrou^^ oxyde has pre- 
vented me &oak pursuing them to their iall extent. 
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Among these results, as affording useful practical ap- 
plications^ I shall mention the decomposition of the 
carbonate and aolphate of ammonia. Carbonate of 
ammonia undetgoes a change in its composition with 
every change of its temperature : on being heated, it 
givesi out carbonic acid, and when cooled absorbs it 
again ; when passed through a tube, heated red» it ir 
decompoonded into water, charcoal^ nitixig«B9 and 
hydio-carbonate. Sulphate of ammonia, the partial 
decomposition of which was discovered by Mr. Hatchet, 
when sent through a tube heated red, is decompounded 
iuto sulphur, water, and nitrogen. 
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OBSERVATIONS 

ON TUX 

APPEARANCES PRODUCED BY THE COLLISION OF STEEL 

WITH HARD BODIES.* 

1. Mr. Uawkfibee long ago showed that no sparks 
could he produced by the collision of flint and steel in 
the exhausted receiver of an air-pump ; and that in this 
case a faint light onl\ wjus perceived. xViid, since hhi 
time, the same obsen atiou has beeu very otteii made. 

The development of the theoiy of combustion has 
clearly shown that the vivid sparks obtained from steel 
in the atmosphere, are owing to the combination of the 
small abraded and heated metallic particles with oxygen. 
But it has been n matter of doubt, whether, in the experi- 
ment made in vacuu, the faint luminous appearance is 
owing wholly to the light produced by the fracture and 
abrasion of the parts of Uie flint, or only partly to this 
cause, and partly to the ignition of the minute fllaments 
separated from the steel. 

2. I have often found that when a fine and ihin flint, 
which may be easily broken, is used for the collision iu 
vacuo, the light is much more vivid than when a thick and 
strong one is employed; and, with a strong flint, but 
just sharp enough to give sparks with steel in the 
atmosphere, it is seldom that any hght at all is pro- 
duced in the exhausted receiver. These facts seem to 

* [This paper, on the s;niic subjcrt as the writtea two 

years after, was inserted in the Jouniuls of the Royal Institution, pnb- 
lislicd In 1802. It »e<»fn9 advisable to intruduee it in seijueniu , as a 
practicui example of Uie detectiuu and correction of error by ex{>erimen- 
tal research.] 
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shew that the abraded particles of steel are not ren- 
dered at all kuumous by collision, except in conse- 
quence of combustion ; and the 0|»iiHou is almost tully 
proved bj the following experiment^ which was made 
in the couiBe of a lecture on the properties of light, in 
the theatre of the Royal Institation^ and which has 
been since often repeated. 

3. A thin piece of iron pyrites,* (snlphurct of iron,) 
was inserted in a gun-lock in the place of tlic iiint. 
It gave by collision in the atmosphere very vivid sparks^ 
which were chiefly white, from the combustion of the 
pardcles of the steel ; but sometimes mixed with a few 
red sparks from the combustion of the particles of the 
pvritcs. The gnn-lock was introduced uiulcr the re- 
ceiver of an air-pump, and the exhaustion was made till 
the mercury in the short gage stood at i^ut of an inch. 
The lock was then snapped ; but no light whatever was 
perceived; and the phenomenon was uniform, every 
precaution being taken to render the room dark, and to 
preserve the apparatus in order. 

4. It is well known tliat in common cases the finest 
steel wire does not bum with a white light or sparks in 
the atmoBpherey unless it have been previously heated 
to a degree much above that of the red heat ; it conse- 
quently at first view appears extraordinary, that the 
particles separated frojn the gim-lock should be heated 
so as to bum vividly in air ; and yet not so as to appear 
ignited in vacuo ; for it is not easy to conceive that they 
emit lights which from the minuteness of their voltmie 
cannot be perceived ; or to suppose that the opacity of 

* The etymoloj^- of the immc of thin substance shows that its pro- 
l>t:ri> of giviug fire by collision was very aiicieutly kwowii. It was used 
in the old gua-Iocks, with the revolving wheel, for iufluiuing tlic 
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the metellic subetancee flhooid hinder light generated at 
their pointa of contact from being visible. I had for- 
merly supposed, in reasoning upon the phenomenon of 

the collisioLi of fliuL and steel, thai lie;it and light 
might in common instances be only accidentally co- 
existent ; and that in certain cases very high tempera- 
tures might be produced without causing the aippear^ 
ance of light At present, however, I am inclined to 
believe that the phaenomenon may be adequately a^ 
counted for upon principles that coincide witii the 
commoQ facts relating to the production and communi- 
cation of heat 

Mr* Stoddart* has shown^ that when steel is grsr 
dually heated, it b^^ins to change colour at about 430* 
Fahrenheit. And this change of colour is occasioned 
by its coiTibi nation with oxyp::en, and as there is evcrv 
reason to believe, nnist be connected with the evoiutiun 
of heat. At about 600% a temperature much below that 
of ignition, it oxydates rapidly, and becomes covered 
with a bluish grey coating. And though in these cases 
of oxydation the heat evolved at the surface of the metal 
is not sulTicieut to raise the tenijK Tatiire of steel wire or 
of steel plate, so as to cause it to enter into the vivid 
combustion ; yet in acting upon such a minute filament 
aa that struck off in the gun-lock^ it may be sufficient to 
keep up the process of oxydation till it becomes so vivid 
as to occasion the strongest heat and light. Besides, 
the surface of this filament is verv irreat as compared 
with it5 bulk, and the oxyde produced upon it is less 
likely to lEbim a coat which might defend the intmor 
parts from the action of the air. 

It would not be difficult to find many analogous 
instances in which the progress of oxydation is depen- 

* Kidiolio&Woaniali 4to. vol. iv. p. ISO. 
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dent upon the mass of the combustible body, or rather 
upon the relation of this mass to sui t"a( c : tlms, a very thin 
aod small bit o^ phosphorus iuiiame spmisaxeomly, 
mad bum with the vivid light, when wrapped up in fila- 
ments of fine cotton ; whibt a thicker and larger piece 
will only shine with the feeble blue light ; and though 
a lanic mass of zinc may be melted in the atmosphere 
without iniiaining, a small and thin shaving will burn 
vividly long before it ia heated to the temperature, of 
fusion* 

5. In considering the general phsenooiena of the pro- 
duction of heat and light by mechanical means, it is diffi- 
cult to conceive that any considerable increase of tempera- 
ture can be produced on a metallic surface by a single col- - 
lision ; for the conducting power of the metals is such 
as would speedily cause the heat to be communicated 
to the contiguous parts; and even in the case of the 
abrasion of minute particles, though the time required 
for their separation from the mass is to us imper- 
ceptible, yet it must be suthcient to enable them to give 
out to it a portion of their heat 

The bodies that become luminous by being struck or 
robbed together in vacuo, or in gases that do not con- 
tain oxygen, or under water, such as fluate and car- 
bonate of lime, silicious stones, glass, sugar, and m.uiy 
of the compound salts, are both electrics per se, and 
phosphorescent substances; so that the flashes they 
produce are most likely occasioned partly by the elec- 
tricity excited on their surfiices by the fiictioo, and 
partly by their phosphorescence, which is general 1\ 
occii-ionc'd by moderate degrees of heat. It is not, 
however, improbable, in some cases, that by the col- 
lision of very hard stony bodies^ which arc bad con- 
ductors of heaty there may be an actual ignition of 
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abraded particles,' and the supposition is countenanced 

by various tacts. Mr. W Wedgwood found that a piece 
of window-glass, when brought in contact with a re- 
volving wheel of grit, became red hot at its point of 
£nction> and gave off luminoiis particles which were 
ci^mble of inflaming gunpowder and hydrogen gaa.* 
And we are infisrmed by a late voyager, f that the 
natives of Oonalashka light their fires by strikin<r 
together two pieces of quartz, their surfaces being pre- 
viously rubbed with native sulphur over dry grass. 

* PhU. Trans. 1792, p 

t San(>r's Account of iiiliiug's BzpecUtion to the Northern Purtf of 
Eus:iiu, p. 169. 
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EXPERIMENTii AND OBSERVATIONS 

ox THB 

0ILBZ COM POBINO THB BPIDBBlilS, OR BXTBRNAL BARK, 
AND COITTAINBD IN OTHBR PABTS OF CERTAIN 

VEOETABLES* 

1. A few days ago Mr; Coates, of Clifton, informed 
me that his son^ aoddentaUj mbbing two pieces of 
bonnetpcane together in the dark, had perceived a 
luminous <i[>{)( arance* This phaenomenon was safficiently 

novel and curious to indurc mc to examine it. I found 
that all canes of this kind, when briskly rubbed toge- 
ther, produced sparl^s of white light. The luminous 
appearance was much more yivid oa collision. When 
the canes were violently struck together, sparks, neatly 
as vhnd as those from the gun-lock, were produced : at 
the same time a stioug smell, similar to that generated 
by the coUisioa of ^t, or the excitement of the electric 
fluid, was perceived. 

, 2. I first thought that the phsBnomenon was electric, 
and depended on some lednous matter in the cane: the 

electrometer, however, was not sensibly affected during 
the exj)erimcnt WIkmi ilie cane was struck against 
wood of any kind, no light was perceived. When a 
cane was struck violently against quartz, agate, or any 
sUidons stone, the light was as brilliant as when two 
canes were struck together. The luminous appearance 
was produced when sharp steel was struck against the 
cane. When the cane was struck against sulphate of 
strontian, or baiytes, or carbonate of lime, no light 
i^ppeared. 

* [Flram Nkfaoboii't JoafniL 4to. ISOO. r6L UL] 
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3. These circumstances induced me to suppose that 
the phaenomenon depended on silicious earth in the 
epidermis, or in the whole of the cane. To detennine 
thiSy I took off a Bmall quantity of epidenois from one 
of the canes. It was hard, white, and had something 
the appearance of pulverised gUiss. When the epidermis 
was renioved. the c aiips no longer possessed the property 
of giving out light ou coliisioQ. 

4. To ascertain with certainty the nature of the epi- 
deimisy I obtained fiom 280 gruDB of cane twenty-two 
grains of epidermis: this was exposed in a emeible, to 
the strong heat of toi air-ftu*nace, for half an hour. It 
had lost three grains, was very white, infusible hy the 
heat of the blow-pipe, and insoluble in any of the 
mineral acida Ten grdns of it were kept in fusion 
with caustic potash, in a silver crucibU^ for a quarter of 
an hoor. The compound was white, and semi-pellucid. 
It was perfectly soluble in water, without communicMtiiiu 
to it any turbidity. When muriatic acid ^vas ponrtd 
into the aqueoua solution, a copious white flocculent 
precipitate was produced. This precipitate, eoUected, 
weighed about nine grains, and had every property of 
silex. 

o. To dcleiiiiine whether the wood and mlenial bark 
ot" tlie cane contained any silex, I burnt 24U grains, 
car^ully deprived of the epidermis, for an hour* The 
sshes were peifbctly white, and weighted about seven 
grsins. When muriatic add was poured upon them, a 
portion was dissolved with efifervesoenoe. This portion 
was chiefly carljonate oi potash: the insoluble part col- 
lected weighed about two grains, and was apparently 
silex. 

6. Having ascertained, by these experiments, that 
the epidennis of the bonnet-cane was chiefly composed 



. kj: i^cd by Google 



£PID£BMIS OF CEBTAlIi V£G£TA£L£0 



135 



of flint, and thiit the luminous a[)pearaiice above men- 
tioned depended on this compofiition^ I thought it 
probable that the other canes, particularly the sugac^ 
caney anaido mecharifiru^ and the bamboo, or anmdo 
mdieOf were similar in their organisation. 1^en two 
bamboos were struck together, I could perceive no 
luminous appearance. Four ounce s of this cane only 
afibrded seven grains of true epidermis. This, exposed 
to a strong heat, left five grains of white matter, which 
had all the properties of flint The reason why these 
canes produce no light on coUision, is, that die flint of 
the epidermis is too small in quantlt\, and too iLinly 
diti'iisi (L The epidermis of the sugai-caac contained a 
still smaller proportion of flint : 200 grains of this gave 
five grains of white ashes, of which only one |^ain was 
aoloble in mmriatic acid: the four grains of soluble 
matter appeared to be carbonate of lime. A large piece 
of bamboo (the weight of which I am ignorant of), 
deprived of the epidermis, gave a considerable quantity 
of white ashes, of which about two-thirds were soluble 
in the muriatic add : the insoluble part was silez. The 
ashes of the sugar-cane, deprtTed of the epidermic 
appeared to be chiefly composed of carbonate of lime 
and cai bouate of potash. 

7. The analogy between the English reeds and 
graases, and the canes, and particularly the similarity of 
the appearance of the epidermisi induced me to suppose 
that tliey might likewise contain silex. On this suppo- 
sition, I first examined the arundo phrctgmites^ or com- 
mon reed. It produced no lujiiiiiou:> appearance on 
collision with flint. Twenty-seven grains of the epi- 
dermis, exposed to a strong heat, gave thirteen gnsins 
of white earthy matter, insoluble in the mineral acids. 
Ten grains of this were fused with thirty-fim grains of 
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potash: the compound was soluble in water* The 
nitrous acid threw down firom the aqueous solution 

a while flocculent matter, which was uecessarily flint; 
this matter I did not weigh, but I conjecture that it was 
about seven or eight grains. One hundred and ten 
grains of the reed £rom whence the epidermis was 
removed gave about six grams of flint. 

8. I now examined the culm of wheat: 200 grains 
burnt fjave thirty-one grains of white ashes; of these 
eighteen grains were soluble with effervescence in the 
muriatic acid : the remainder had all the properties of 
silex. The matter dissolved in the muriatic acid was 
potash* The ashes of oats and barley afforded silez in 
nearly the same quantities as those of wheat. The 
culms of the grasses, among which I examined anthrox' 
atUhum, poa pr€Uentis, and some others, appeared to 
contain more sHex in the epidermis than even the 
corosy with a much hiiger proportion of carbonate of 
potssh. 

9. Tlie silex in all these vegetables, as in the canes, 
appeared to be contained in the epidermis, or in the 
second bark. When the plants are carefully bumt^ the 
figure of the epidermis is preserved* In the cane^ 
when well burnt, it has a white glossy appearance, and 
is semi-Crsnsparent. In the reeds, corns, and grasses it 
is white and opaque, and, when viewed through a mag- 
nifier, appears to consist ot" ioHgUudinal threads joined 
together by net-work: in the microiicope, even the 
smallest particles have a distinct reticular appearance. 

10* The quantitj of carbonate of potash in the ashes 
of dlie corns and grasses, induced me to suppose that, in 
a strong heat, they might be fused into glass. The 
ashes of the arundo phragmites were exposed to the 
strongest beat of an air-iumace for some minutes; there 
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yraB no appearance of fusion ; the carbonate of potash 
'ma not sufficient to form glass with the siliceous earth. 
The ashes of straw, in a strong heat, gave a fine white 

transparent ^lass, perfectly insoluble in water and inde- 
composable by acids. The ashes of hay gave a black 
glasSf with a superabundance of potash. This conver- 
sion of com and grass into glassy may be effected by the 
blowpipe^ and affords a pleasing experiment. A straw 
burnt with the blowpipe, and urged with the strong 
heal of tfic blue flame, beginning at the top, is converted 
into a fine pellucid globule of glass almost lit for micro- 
scopic experiments. A culm of grass is fused under 
the blowpipe into a globule of glassy black and opaque^ 
probably from its containing iron. 

11. These facts will afford some curious inferences to 
the speculator on organized nature. The flint entering 
into the composition of these hollow vegetables, ma^ be 
considered as analogous to the bones of animnls; it 
gives to them stability and forai« and by being situated 
in the epidermis, more effectually preserves their vessels 
from external injmy. They will probably enable us to 
determine wlicihcr silex be a sim])le or compound sub- 
stance. Reed or wheat might be easily made to vege- 
tate deprived of silez. Confined under mercury, in a 
soil composed of known quantities of the saline earths, 
and supplied with distilled water and fiKstitions air, we 
might discover whether it would compose silex, or sub- 
stitute for it another earth. This experiment, as well 
as some others on the same subject 1 propose to make, 
if leisure and opportunity occur. The numerous com- 
plex attractions of or^mic beings, resulting firom their 
variety of composition, are continually producing 
changes which the art of the chemist is unable to 
imitate. Though the chemist, at present, con extend 
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his pover no forther by the simple attivctioiiB and 
icfpuldve motiona of inoiganic matter, yet a path of 
science, displaying a boundless field for investigation, 

seems now open iii the changes ctrected in dead inaLter 
by living beings. By discovering these changes, we 
might go hr towards diflcoyering the laws of their 
oiganization. 
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MAB^ WITH THB 

GALVANIC APPARATUS OF SIGNOB VOLTA.* 

In pursuing a course of ezperiments on the galvanic 
infiaenoe, I have made some new obseirationa. They 
are connected with the curious Bicts already detailed in 

Mr. Nicholson's Philosophical Journal, t and they may 
possibly lead to elucidations of tlie pba^nomena. 

The apparatus that I employed was constructed for 
Dr* BeddoeSy and never consisted of less than 110 pain 

• [From Nieliolson'ti Journal, 4to. vol. iv. — Sept. 1800.] 
t [An account of Volte's great dtooovery of tho gaXvaoic pile; tlie de- 
oompotftioii of irolar by iiutiii of it by Meanv. KSehokon and CtatHale, 
mad ofher chemical eifeeta iliat oh i wfvad by Hr. Grntekahttik and Dr. 
Homy. 

Yolta'a Ant letter axuumndiig bia memotaible diaeovary of Hia pile 
waa dated from Como, March 90, 1800 ; on tbe 80fh of the followlog 

month, the first pile ev^^r constructed in this country was tried by M(»s9T9. 
Nicholson and Carlisle ; and on the 2nd of May, the decomposition of 

water by it and the separation of its elements apart and at a' distance 
waa olrderved hy them, wliich was the foiindatinn of plprtrn-rhoniistn,'. 
This mo8t important fact was jmhliHlu'd in Nii liol-mi's Jonniiil for July 
of the same year, and appeared hrfore Volta's own account of the voltaic 
pile, which was read to the liuyal Society on the 26th of June, and was 
inserted in the second part of the Philosophical Transactions for Uiat 

year. TIi» M^I with wIiUiTi ^nJtoU <»l<w»^l»y -m^f ImmfHhtnly 

in tbia eotnitry, was very mnarkable, and indicative of a rery aagadona 
appcedatioii of Ita nat Imtportanee.] 
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of metallic plates. I found tbe senmble galvanic shock 

very much increased when the parts commonicadng 
with the conductors were moistened with solution of 
green sulphate of iron. A \)i\e erected with pieces of 
cloth, wetted in that substance, acted rather more 
intensely than a similar pile erected in the usual mode. 
It, however, lost its powers in a shorter time : perhaps 
a solution of the sulphate of zinc uiaj be employed with 
advantage. 

a. Struck inth the cnrious phsenomena noticed by 
Messrs. Nicholson and Carlisle,* namely, the apparent 

separate })roduction of oxyc^cn and hydrogen from dif- 
ferent wires, or from different parti? of the water com- 
pletiog the galvanic circle, my first researches were 
directed towards ascertaining if oxygen and hydrogen 
could be separately produced from quantities of water 
not immediately in contact with each other. 

Two silver wires, one from the zinc end of the appa- 
ratusy and the other from the silver end, were made to 
communicate with two glasses, distant from each other 
about five inches, and filled with water that had been 
long boiledy and was yet warm. Into one of these 
glasses I dipped the fingers of my right hand, and into 
the other the fingers of my left, so that the communica- 
tion between theiu was made tli rough my body. Im- 
mediately after the shock, the zinc wire j began to 
calcine very fiist, white clouds diffusing themselves from 
it through the water. At the same time gas was fi>rmed 
round and eztiicaled firom the silver wire in the other 

* PhihM. JoamSif p. 188, vol. It. 

t To pre^eDt imneoeMtiy icpetltions, afler Mr. CrukiluiMtiik, I bare 
called the wire oonneeted with fbe sine end of tbe i^^'^^tiWi the sine 
wire^ and that conneetedirith the eilTer end, the inter wire. 
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glass. The communication was kept up for half an 
hour ; diiriug this time no gas was produced from the 
zinc wire, which continued to calcine throughout the 
process. The gas from the silver wire was caught in a 
small inverted cylinder; examined by the test of nitrous 
g;is» it appeared to contain no oxygen, and inflamed 
with twice its bulk of common air, gave such a diminu- 
tion, as denoted it to he hydrogen nearly pure. 

This apparatus being adjusted as before, the commu- 
nication between the glasses was made through three 
persons ; the process went on^ though less rapidly ; the 
oxygen was fixed as before by the silver in one vessel, 
whilst the hydrogen was given out in the other. When 
iHuscuhir fibre, livinjr vegetable fibre, or a moistened 
thread not exceeding three feet in lengthy was employed 
as the medinm of connection between the glanes^ 
similar effects were produced, though the gas was 
evolved more slowly than when the living animal was 
the connector. jNIuscular liljie appeared to be a better 
conductor than vegetable fibre, and vegetable fibre a 
better conductor than the moistened thread. 

b. Several glass tubes about one-third of an inch in 
diameter, and four inches long, having each a piece of 
gold wire inserted into one end, hermetically sealed, 
ami tht' other end open, were provided. Two of these 
Uibe3 were hlled with digtilied water and inserted into 
separate glasses filled with that flnid. The glasses were 
made to communicate by means of iiresh muscular fibre ; 
the gold wires were connected with the machine by 
means of silver wires ; one end with the silver end, the 
other end with the zinc end. Gas was immediately 
given out from both the gold wires; but luost rapidly 
firom that connected with the silver. In ibur hours and 
a quarter the process finished; the water in the tube 
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communicatiog with the ailver being below the gold 
wire. The gases were examined; the quantity from 
die water communicatiDg with the sine was equal to 
thirty-three grain measiuvs, that from the water con- 
nected with the silver to nearly sixLy-live grain measures. 
The 2inc was mingled with eighty measures of 
nitrous gas, containing ^ nitrogen; a rapid dimuni- 
tion took phM3e> and when the residuum was expoaed to 
solttdon of green muriate of iron,* not quite five 
measures remained- Hence the thirty-three measures 
of gas evidently contained more than thirty-one mea- 
sures of oxygen. The sixty-one measures ni the other 
txkbe, gave with nitrous gas a dimunition barely percept 
tible» and fired after the absorption of the nitrous gas 
by the electric spark, with sixty measures of oxygen, 
left a residuum nearly ecjual to thirty -six measures j 
hence the gas was hydrogen almost pure. 

c. There was every reason to suppose, that the slight 
dimunition produced by the mixture of the hydrogen 
with nitrous gas in the last experiment^ as well as 
the residual gas of the oxygen, were owing to common 
air held in solution by the distilled water, and given 
out from it during the process. To ascertain if the 
gases could be obtained perfectly pure, when water 
deprived of its loosely combined air by boilii^ was 
employed* ->*the two tubes were filled with water that 
had been boiled for more than eight hours, and that 
was yet so hot as to be painful to the fingers ; the 
passes were filled with water of the same kinc^ and the 

* Solution of green muriate of iroa ipeedUy absoriit nitrous gas, wllli* 

out effecting uiiy change in it at common temperatures, and it is pos- 
»e8SP<l of no action «ti trn«i « nf»t absorhnblo by water and incapable of 
supporting^ flame, boiutiuii of sreen sulphate of iron, likewise absortis 
nitrous gas without decomp<M»iug it. 
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pffooess conducted as beibre; the tubes being sofiered 
to cool before the oommunication was made» gas was 
given out verj rapidly from the water connected with 

the silver; but very slowly with that connected with 
the zinc. During the whole of the process, no globules 
of air formed on the sides of tubefi^ as in the last expe* 
ximent. In five hours the tube connected with the 
mbret contained fi%Hnx gndn measures of gas. That 
ccHinected with the zinc contained only fourteen mea« 
sures. The fifty-six measures gave no diiniinition with 
nitrous gas, and appeared by the test oi detonation, to 
be pure hydrogen. The fourteen measures tried by the 
tests mentioned in the last experiment^ appeared to be 
oxygen, mingled with no perceptible quantity of other 
In this experiment, as in the last, the gold wires 
were not a{)p:in'ntly acted upon, nor was their colour 
in the slightest degree altered ; the dciicient proportion 
of oxygen, there was eyery reason to believe, was owing 
to the absofption of that gas in the nascent state by the 
boiled water. Boiled water was now exposed to, and 
agitated in oxygen over mercury, till it was judged to 
be saturated with tiiat gas. The tube coniu cted with 
the zinc was filled with this w ater ; the other tube was 
filled with common IxHled water. The galvanic process 
was continued seven hours. In this time the water 
connected with the sine had given out twenty-seven 
grain measures of oxvgen apparently pure; from the 
water connected with tiie silver, fifty-seven measures of 
hydrogen had been extricated. 

d. Having thus ascertained that oxygen and hydro- 
gen, nearly in the proportions required to fmn water, 
could be separately produced from quantities of water, 
iiaving no communicatiuu with each other, except by 
means of the dry metalhc conductors and muscular 
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fibre ; I next endeavouied to a8eertam« if the contact of 
the metallic wiree, with the metallic plates of the appa- 
ratus were essential to the effect. The conducting 

ends, i. c. the silver and zinc, were made to communi- 
cate witii two glasses of water^ by means of two uncon- 
nected pieces of muscular fibre* A piece of silver wire 
was made the medium of connection between the glasses. 
Immediately after the connection, I was surprised by 
seeing that end of tlie wire in the water coininiinicating 
with tile biiver eak'ining; whilst gas was given out from 
that part of it in the vessel communicating with the 
sine ; as was the case in the broken circuit described 
bj Mr* Nicholson. When the tubes with gdd wires, 
connected by silver wires, were employed, oxygen 
was given out hi the water connected with the silver, 
and iiydrogen in that commnnicating with the zinc. 
In none of these experiments could any production 
of gas from the muscular fibre be perceived; but 
the parts exposed to the water became whiter than 
before. 

When {iliv g hisses hcing connected witli the appa- 
ratus by muscular fibre) the e()inmumcation between 
them was made through my body by means of the gold 
wires in the tubes ; one being in contact externally with 
my right-hand, the other with my left, oxygen was pro- 
duced as before in the glass connected with the silver, 
and hydrogen in that connected with the zinc. When 
I made the communication^ holding a silver wire partly 
plunged into the water connected with the silver^ in 
my right-hand, the fingers of my left-hand being in the 
other glass, the silver wire became slowly oxydated, and 
no gas wiis perceptibly given out in either of the glaspe?. 
When, on the contrary, I introduced my hand into tlic 
silver glass, and the wire into the zinc glass, gas was 
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given out round the wire, no oxjdation took j^aoe^ and 
no gts was extricated in the nlver gtau. 

When the glasses were made to communicate both 
with the machine and with each other, by means of 
muscular or vegetable fibre ; and metallic wires intro- 
duced into either or both of the ghttses, and wholly or 
partially covered with water, no gas was g^ven out from 
them, and no apparent chemical change took pkce. 

Reasoning on this separate production of oxy^^ and 
hydroLron, from different quantities of water, and on tlie 
experiments of Mr. Henry, jun., on the action of galvanic 
electricity on different compound bodies,* I was led to 
suppose^ that the constituent parts of such bodies (sup- 
posing them immediately decomposable by the galvanic 
influence) niiLj;ht be separately extricated tioiii the 
wires, and in consequence obtained distinct from each 
other. 

a, I filled two of the small tubes mentioned in 1* 
vrith strong solution of caustic potash, and inverted each 
of them in a glass filled with the same substance ; the 

glasses were made to comTiuniicate with eacli other by 
means of muscular fibre, and tlie gold wires in the tubes 
connected with the ends of the pile. Gas was produced 
much more rapidly in this process from both wires, than 
in the experiment with simple water. In three hours 
no deposition had taken place in either of the glasses, 
nor were the gold wires seiisiblj acted upon. The gas 
given out in the tube connected with the zinc, measured 
exactly 37 grain measures, and proved to be oxygen abso* 
lately pure, for withSO measures of nitrous gBB, containing 
about -^^ nitrogen, it diminished to less than 3 measures. 
The gas given out in the tube connected with the 
silver, was equal to rather more than 72 grain measures. 

* Phil. Joumal, vol. iT. p. 384, 
TOli. IL U 
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It gave ao diminution with nitrous gas, aad 20 grain 
measuies of it, fired with rather more than one 20 grain 
measmeB of oxygen, containing about *06 nitrogen, left 
a globule of air hardly perceptible. 

Surprised at these results, \vluch proved that no 
decomposition of potash* had taken place, and that that 
substance in tiiis mode of operating only enabled the 
galvanic influence to extricate oxjgea and hydrogen 
more rapidly fiom water, I was indnced to operate upon 
ibis substance in the way of dtiect commnnication. 
The gold wires were passcil thi ough holes in the side 
of a small glass tube closed at one end, and connected 
so as to be distant about the eighth of an inch. This 
tube was filled with solution of potssh, and inverted in 
glass filled with the same adbstaoce ; the gold wires 
were made to oommonicate with the ends of the pUe. 
Gas was produced rapidly from both wires, but most 
from the silver wire ; the gold was not acted upon, and 
no deposition took place. When near a quarter of a 
cubic inch of gas had been collected, it waa tranaferred 
to a detonating tube, and, fired by the electric abock 
over mercury, it gave a vivid inflammation, and lefl a 
globule of liir not equal to -^^ of the whole quantity. 

b. Solu lions of caustic ammoniac were exposed to the 
galvanic infiuence in the two tubes with gold wive and 

* [Dr. Heniy (then Hr. Heniy), from his fl»t exiierinMiiti^ inteed 
that hydiogen ww a constituent part of potash, — and that iM^deSy It l» 

probably composed of azote and carbon. He waa led into error OB thft 
subject by using mercury, n?^ he himself fltat^d in the same toIuiim of 
Nicholson's Journal. To liim belongs, amonirsf mH}iy other niortt'* as a 
Chemical Philosopher, the no inronftideraljlc one of being one of tlic 
first who employed galvaniiiiii an an agent of chemical ana)>'sis ; Mr. 
Cruickshank alone preceded him. Had he prosecuted his early galva- 
nic inquiries, It cannot be donbted that with hla abilitj and ingenuity iii 
fitetidi, he irevM have nade many happy and MUuit diMoveiiei.] 
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cooneeted by nmfcnkr fSbre, Qm was given out vtry 

slowly in tlie tube connected with thv zinc, and the 
gold wire was evidently acted upon, bt ing in some parts 
corroded, and in other parts covered by a yellowish 
deposit. In the tube connected with the aknae, gas 
ynm giren out more mpidJtj, and the gold was not 
altered in appearaaoe. In five hoora the gas in the 
zinc tube was equal to 5 measures, and proved to be a 
mixture of nearly 3 of oxypren and 2 of nitrogen. The 
gas in the silver tube measured 31 grains, and appeared 
to be hydrogen^ nm^led with a mmnte qnantiiy of 
nitrogen. I repeated this experiment several times, 
to asoertaai if, alter the sohition of amnmiiac had been 
long galvanized, the proportion between the gases 
would be different. The gas given out in the zmc tube 
was always to that in the silver tohe neariy as 1 to 6^ 
but the quantity of oxygen appeared to increase 
towaida the end of the precess* A quanti^ of adntion 
of mmoniac, the same sa diat used in the experiment 
exposed to heat in a mode described in Research. 
Ciiem. and Phil.* readily produced of its bulk 
of unabaorbable gas^ which gave no diminution with 
nitious gas, and appeared to be nitrogen. In eveiy 
experiment yellow deposit was fi>nnad upon the gold 
in the zinc tube ; mmiatic acid poured upon some of 
the yellow deposit slowly dissolved it, a little nitrogen 
being given out during the solution. 

When a solutioii of caustic ammoniac was exposed in 
the silver tube, and water in the zinc tube> die gold 
wirsa were not pereepttbly altered, and oxygen was 
given out in the zinc tube and hydrogen in the sil\er 
tube, namely, in the proportions required to prothic e 
water. When, on the contraty, water was connected 

• [Set. ii« D. i i. a.] 
h2 
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wilh tile silver, and solution oi ammoniac "with the zinc, 
hydrogen was produced trom the water ; the zinc gold 
wire was corroded, and the mixture of oxygen and 
nitrogeD to the hydrogeo as aiz to one (one to six?) was 
produced as befine. 

e. Concentrated sulphuric acid was galvanised in the 
double tubes connected by muscular fibre. The gold 
wire in the zinc tube was not dissolved or corroded, 
and in a great length of time 41 measures of gas* which 
proved to be pore oxygen, were given out from it But 
little gas was given out in the silver tube ; the acid in 
it was clouded with a white substance, which was 
t'\ iiiontlv sulphur ; it Wiis perpetually produced round 
the point of the wire : 15 measures of gas were evolved, 
which gave rather greater diminution, fired with oxygen, 
than pure hydrogen ; hence, they might possibly have 
been partially sulphuretted hydrogen* 

When solution of caustic potash was put into the 
silver tube, and sulphuric acid into the zinc tube, pure 
hydrogen was disengaged in the silver tube, and pure 
oxygen in the sine tabe; the same phaenomena took 
place when water was employed instead of solution of 
potash. 

When water was connected with the zinc, and sul- 
])huric acid with the silver, the products were the same 
as when pure sulphuric acid was used in both tubes. 
When very dilute sulphuric acid was employed in both 
tubes, oxygen and hydrogen neariy in the proportions 
required to Ibrm water, were separately evolved. 

d. The tubes were liiled with pure sohition of muri- 
atic acid, and the communication maile as before. No 
gas was given out in the zinc tube, and the gold in it 
was veiy much conoded : 30 measures of pore hydro- 
gen were collected in the silver tube, the gold in which 
was not perceptibly acted upon. When water vras 
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made to comnnmicate with the sine, and muriatic acid 

"with the silver, neither of the gold wires was acted 
Upon ; and 22 measures of oxypron were collected from 
die water, and 41 of hydrogen trom the muriatic acid. 
When water was connected with the aUver, and muriatic 
add with the sinc» the same phaenomena took place» as 
when pure muriatic acid was nsed in both tabes. 

Concentrated solutions of nitric acid were gal- 
vanised in the tubes, — 19 measures of pure oxygen 
were produced in the sine tube, A globule of gas only» 
not equal to half a measure^ was produced in the silyer 
tube, and the add became green on the top. The 
globule of gas did not diminish with oxygen ; it was 
too small to be tried by other tests. The gold wires 
were not acted upon. 

When nitric acid was connected with the zinc, and 
water with the silver, oi^gen and hydrogen were se- 
parately produced. When water was connected with 
the zinc, and nitric acid with the silver, oxygen was given 
out from the water; no gas was given out from the 
acid, and it became green. 

In the experiments on the sulphuric and nitric acids, 
it is most probable that the adds were decomposed by 
the nascent hydrogen in the silver tube. In the ex- 
periments on the muriatic acid and ammoniac, the 
delicicncy of the oxygen in the gold tube most pro- 
bably partly arose from the ozydation of the gold, in 
consequence of what may be called predisporing 
affinity. In these processes, none of the compound 
bocKes appear to have been immediately decomposed by 
the galvanic influence. 

The difference between my results and those of Mr, 
Henry, may be accounted for from the difierence be* 
twetn our modes of operating. I suspect^ however, 
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thftt on lepeating his ezperimenti on the soludon of 
potash under new cSreumstaiioes, tlwt ingenious chemist 

will find reasons tVir altering his conclusions with regard 
to the decompohition of the alkali.* Jiulgiug from the 
rapidity with which the gases were extricated, solution 
of potash would seem to be a better conductor than 
water^— water a better conductor than solution of am- 
moniacy and a sohition of ammoniac better than either 
of the three mineral acids. Possibly, phoephonc acid, 
and other acids, may be decom])osed when exposed to 
nascent hydrogen, produced under the galvanic iuBu- 
enee. If the ratio between the quantitiei of the ox;j^n 
and hydrogen produced from the different wires be 
i^ways the same, whateyer substances are held in so- 
kiiion by the water connected with them, this nascent 
hydrogen will become a poweriul and accurate instru- 
ment of analysis. 



ADDITIONAL BXP^JfElfTS ON GALVANIC BLBCTRICITV' 
IN A LBTTBR TO MB. NICHOLBON.t Oct. 1600. 

The earher experimenters J on animal electricity noticed 
the power of well -burned charcoal to conduct the 
common galvanic influence. 
I have found that this substance possesses the same 

properties as metallic bodies in producing the shock and 

[«Vid^ Note, p. 146.3 

[t From Ntohnboii's Journal, vol. iv. Oct ISOO.] 

X The iiiYcntor of the galvanic i»Ue discovered tlie ec^ductiog power of 
dttvooal. His experiments were conlinned by Crerc vad Sclmiiick. See 
Piiff Ml AniiMl Sleetricity> p. 48. 
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spark,^ when made a me<lium of communication be- 
tween the ends of the gahranic pile of ^gnor Volta. 
I have likewise found that perfectly wdl-made char- 
coal, when connected with water or aqueous eolations 
ill ihe galvanic circuit, effects changes in them analo- 
gous to those produced bj metals ; but connected \vith 
peculiar appearances. 

1. Two long and thin alipa of dry charcoal were con- 
nected with silver wires attached to the ends of a gal- 
vanic |M]e of 60 pieces. The points of the charcoal 
slips were immersed in a glass of water, at the distance 
of half an inch from each other; and the globuies of air 
adhering to them being carefully removed^ the commu- 
nication was made sore. 

In aboat a minute^ particles of gas began to form and 
evolve themselves roond the point of the charcoal con- 
nected with the silver side of the apparatus. Near a 
quarter of an hour elapsed before any gas was produced 
from the line side ; the gas that was produced adhered 
to the charcoal in large |^obales» and did not pass 
through the water. As long as the communication was 
kept up, the silver charcoal gave out gas very rapidly. 

2. Reasoning from the common phaenomena of the 
action of red hot charcoal on water, and on the analo- 
gous gilvanic fact% it was reasonable to conclude that 
the gas evolved ftom the charcoal on the silver side of 
the apparatus was hydro-carbonate, and that carbonic 
acid had been produced on the zinc side, which had 
been chiefly absorbed bv the water. 

To ascertain il this conclusion was true, two small 
open tubesy about one-fourth of an inch in diameter, 
and three inches lon^ were provided. Into one end of 
each of them a thin piece of hard and polished char- 

* Tlie spark is moft vivid when the cbuooai is hot. 
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coal was introduced and fastened hy ceBnent. Thiey 
were then filled with distilled water, and inverted in a 
glass containing that fluid; the t<^ of the pieces of 
charcoal heing made to communicate witb the ends of 

a pile. 

The process was carried on for more than fourteen 
hours ; at the end of which time the quantity of ^is 
produced from the charcoal on the silver side was at 
least fi% times greater than that produced on the sine 
side. The tuhe irom the sine side^ with its water and 
gas, was introduced into a vessel of lime water. On 
agitation the water became clouded, but the gas was 
not perceptibly diminished: mingled with twice it^ 
bulk of nitrous g9S^ it gave such an absoiption as de» 
noted that it contained nearly the same quanti^ of 
oxygen as common air. The gas produced from the 
silver side of the pile did not at all diminisli with 
nitrous gas ; twelve measures of it, mingled with eight 
measures of ozygen» in a detonating tube, and acted on 
by the electric spark, inflamed, and left a lesidaum 
equal to rather more than three measures. lime water 
introduced to these became a little clouded, and a slight 
absorption took place. Alter this absorption, at least 
two measures and a quarter of gas remained, which, 
mingled with nitrous gis, gave red fumes and dimi** 
nution. Hence they evidently contained oi^gen. 

3. Surprised at these results, from which it appeared 
that the gas from the silver side of the apparatus held 
very little charcoal in solution, and required nearly the 
same quantity of oxygen to destroy it as the inliam- 
mable air from the metals, I repeated the experiment, 
making use of water diat had been long boiled, and was 
yet warm. In this case no gas was given out from the 
zinc side during the whole of the process, and more 
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than half an hour elapsed be£m any was produced irom 
the ailrer ride. What was produced, howeyer^ ga?e 
nearly the same diminotum, when fired with oxygen, 
as common inflammable tar, and the residuum pro- 
duced but a slight precipitate aduiitted to lime water. 

It was easy to account for the deficiency of gas on 
the zinc side in this process, by supposing that the gas 
pfoduced in the former experiment was air previously 
dissolved by the distOled wafer, and liberated in conse- 
quence of the stronger attraction of carbonic acid for 
that fluid ; but as I had before found that in the coni« 
mon galvanic process with the metals, the hydrogen 
was immediately evolved even in boiled water, it was 
difficolt to conceive why such a length of time was 
required for the production of the inflammable gas. 
When I introduced charcoal connected with the zinc 
side, and silver wire connected with the silver side, into 
boiled water, gas was almost immediately given out 
from the vdre^ though when I connected silver with the 
xlnc nde^ and charcoal with the silver side, no gas was 
Hbeiated for many minutes. 

4. A slip of charcoal was connected with the zinc 
end, and a silver wire with the silver end, and both 
phinged into a vessel of lime water. Gas was immedi- 
ately given oat from the silver wire ; a few globules 
only flnmed round the charcoal : they were apparently 
covered with a white crust. As the process advanced, 
white clouds fell from the charcoal, and difiiised them- 
selves tiurough the fluid. 

5. Two pieces of charcoal were connected with the 
ends of the pile and plunged into a strong solution of 
cftostic potash. During two hours no gas was given 
out from eidier of the pieces, and no change of colour 
was perceived in the fluid, though the communication 

h5 
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was p^finet When a nlw wire wae eenneeted witk 

the zinc, and charcoal with tlic silver, gas was produced 
from the wire, but none from the cliarcoal. When 
charcoal was eoanected with the zinc, and silver wire 
with the silirer* gaa was very mgSMy produced round 
the point of the wire; but not an atom fi»nned round 
the charcoal. 

6. When slips of charcoal connected with the pile 
were introduced into solution of ammoniac, gas was 
given out £roin the zinc charcoal ; but none from the 
aOver charooaL When aUver wire waa connected wiih 
the aiher side, the charcoal being still connected with 
tile zinc side^ gas was given out ftum both» Imt most 
raj)i(lly from the wire. These gases were caught and 
examined. That from the charcoal gave no diminution 
with nitrous gas. An accident prevented me from 
OTamining it by other tests; the gas ftom the silves 
equalled twenty times the vohune of the other gas^ and 
appeared to be pure hydrogen. 

I shall at present offer no theoretical conjectures 
concerning these experiments. The two last will pro- 
bably lead to interesting conclusionB. I an^ at this 
iBomenl^ engaged in examining amaU quantities of sriu- 
tion of potash and ammoniac^ which have been long 
g^vanized in contact with charcoal: the result of this 
examinfitu)n, if at all important, I f=?hall tako the liberty 
of communicating to you at some future time. 

I lemaiU) &c. 
(&%ned) HmmnT Datt. 

Dowiy Square, Hotwdbi Sept SS, 1800. 
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NOTICE OF SOME OBSERVATIONS ON THE CAUSE^^ nK 
THE GALVAMC PHENOMENA, AND ON CERTAIN MODES 
OF INrRKASINO THE P0WBB8 OF THB GALVANIC PILE 
OP VOLTA.* Not. 1800. 

Th£ nature of this oommunication is incompatible 
with a detail of the opinkiiis prevailing amcnig^t philo- 
sophersy xespectiiig the causes of the galvanic phseno- 
mena: they have been generally sapposed to depend 

on ilic diticrent powers of bodies to conduct electric 
fluid. Fa])roui was the firRt who sv^stematically at- 
tempted to prove that they were chemical eflect&t 

Inmiediately after I had perused an inteiesting pbser^ 
vation fxf LienteDaat-Colociel Haldanet on the non-^ 
eicitement of galvanism in the vacnnm of an air pum}>, 
I began an investigation with the view of af?ccrtaining 
precisely the influenco of the atmosphere on ihe phaeno- 
mena. In carrying on tliia invesdgatioo^ I have met 
with some new facts, which are capable of arrangement, 
and which will probably lead to a complete explanation 
of the galvanic effects. 

The plies lliat i employed lor ascertaining the influ- 
ence of fictitious airs on the galvanic phsenomena, 
were erected horizontallj in the us^al mode; but to 
prevent the plates from separating when in an oblique 
position* their sides were joined together by resinous 
cement at two or three points, sufficient interstice being 
preserved to admit of a free circulalion of the air. The 
gases, wiien they were produced, were received in small 

[* From Niclioisoii s Journal, vol. iv. Nov. IdUO.] 
+ Phil. Jour. vol. iii. p. 308. 
t Idem, v«l. iv. p. 242. 
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tubes fiUed with distilled water, ooatainiiig wires covered 

intemallj with wax, and oomnranicating with the ends of 
the pile.* The piles were introduced into the airs 
through water;, and elevated above the water bj a 
metallic plate cemented to their lower extremities. 

1. ZmCf whether eomteeted wiA gUver in single galoeade 

circkSf or eojistituting the plates of the galminic pile, 
seems to undergo no oryikdwn at rommon temperatures^ as 
long as the water in contact with it is jntre. 
By pure water, is more immediately meant water 
holding in solution no oxygen gas, no nitrous gaa^ «id 
no acids. It has long been known that certain metallic 
bodice;, which oxydate slowly in water cxj^otsed to the 
atmosphere, effect no change in pure water.f This I 
have observed is particularly the ca^ with regard to 
ainc. That zinc, when in contact with silver in the 
atmosphere, and fonning with it a circuit by means of 
water, becomes oxydated much more rapidly than when 
siuipl} in contact with wale r, was obsen ed liy Dr. Ash. J 
Supposing the more rapid oxjdation to be the effect of 
a peci^iar electrical influence produced by the contact 
of the metals, it would be reasonable to conclude, that 
ainc in single circles with silver and pure water, or at 
least in the galvanic pile erected with cloths moistened 
in pure water, would undergo oxydation. Fabroni,§ 
however, has advanced that simfde galvanic circles do 

* B> fore thes»e experiments were made, i hail found, by numerous triuls, 
that a pilp aeted in the atmosphere imme<liately alter immersion in 
water witli{>ut being wipe<l, though more feebly than before; I had 
likewise found tliat after the flrst iDuuersioOy the powers were not 
dinUnished, by subaequent ones. 

t See FUmmi, PUL Jonr. v«L iiL p. 800. 

t And BvmboldV-HMe Bceeerches, Ckem. and PlilL p. M8. 

% Phn. Jour. vol. HI. p. 809. 
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not oxydate in water, unless it be exposed to the atmo- 
sphere. That the zinc oi the galyaiiic pile does not 
ozydate in contact with pure water^ will appear from the 
follofwing observationa. 

a. A small pile of nlver and zinc, having its paste- 
boards moistened with water, that had been just boiled, 
was introduced into a vessel of water that had been long 
boilings and was jet warm* Beainous cement was poured 
upon the anxfiioe of the water, and fiuttened to the glaas 
88 it cooledf to pieaerve it eflectuallj firom the contact 
of air.* The apparatus after remaining for two days, 
was examined; the zinc plates were scarcely at all 
tarnished ; no oxjde was deposited in the water, and no 
gas had been evolved through it. A simihur pile, 
exposed for nearly the same time to water in contact 
with the atmosphere, had deposited much white oxyde, 
and given out some gas, and the zinc plates were 
whitened both internally and extcniallv.t 

b. No influence can be communicated from an elastic 
atmosphere, enabling the zinc of the galvanic pile to 
decompose pure water; for piles were introduced into 
hydrogen, nitrogen, nitrons oxyde, and hydro-carbonate, 
and suffered to remain in them for different lengths of 
time; but in none of these gases was the zinc more 
oxjdated than if the pile had been immersed in pure 
water. 

e. A galvanic pile was suffered to remain in vacuo 

* Oil of tDipentliie, and evw eomnoiioa, at will be teen hereafter, is 
ioeflbetiial fat Hiii parpooe. 

t Thetemperaturp in thcpe experiments waa from 64° to 61°. It Is im- 
possible to free water of all its dissolved air by boiUng : it is likewise 

!mpf>^sib1e to prevent a few globules of air from passing tlirough the 
reniLnt wliilst it i<* cooling: the very slicrht tamisii of zinc kept in 
boiled water may be owinp to the niinute quaatitiet of common air 
eidsting in the water from botb these caoses. 
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for fourteen hours, the gage being about -j^, the zinc 
|4ste8 irere alightij tarniahed, but no white ozjde luid 
fimned upon tli^n* 

2. 7%tf oaeydaium of Ihe zme pUde9 rf Ifte Ci^aftwMtti 

Pile takes place whenever the water in contact with 
them holds atr/insjf/tcric air, or oxr/gen, or nitrous gas, or 
mtrofis acidy or marine acid, ^c, in solution, 

a. The ozjdation of the sine of the pile in the atmo*- 
flphere^ and the protroBion of caibonate of Boda, have been 
accDiately described by Messn. Nieholson and CarMe. 
I have found that the phaenomena of oxydation take 
place much more rapidly in pure oxygen than in the 
atmosphere. I i)'iv(^ likewise tbuud that they take 
place more slowly in nitrous gas than in the at- 
mosphere. That sine is ozjdated in sohitioiis of ni-» 
troos and marine acids, is a well known ftot 

3. When the zinc in contact trith water, holding in solu- 
tion substances containing loose uxifgen or acids, is o.tg- 
dated, tliese substances are altered, or th^ exert some 
chmieal qfimtiei. 

0. A amall gahanic pile> exposed to about twenty- 
one eabic inches of oxygen gaa for six hours, eflfected a 

diminution of it which might haxu equalled one-fourth. 

b. A similar pile, exposed to an equal quantity of 
atmospheric air tor two days, diminished it one^xth : 
the residuum being sufieied to paas into the atmosplieve, 
gave a amdl jrback strongly resembled that of ammo- 
niac ; and the pile held over marine acid produced 
den^e white clcmdf. 

In another experiment, an equal quantity of air, ex- 
posed to the pile for three days, gave but a very shght 
dinunution with nitrous gas, and could not be infiamed 
with atmospheric air. 

t. i have aoticed, lies. Chem. et Phil., that wetted 
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zinc, placed in contact with nitrous gas over mexcoij, 
slowly converts it into nitrous oxide of ammonia. A 
small pile exposed to about twenty-twa cubic inches, of 
mtnNB gas for three daj% dimmkhed it one-foorth, 
and some of the gas was rendered absorbable by water. 

d. The formation of nitrous gas, nitrous o.w de and 
ammoiuac, when very weak solutions of nitrous acid are 
made to oxydate zinc, demonstiate both the decompoei* 
tion of the acid and the water. 

The o]^dation of one in sdintions of marine and 
flolpbnric aicids m water, appean to be owing to liie 
affinity which has boon called predisposing. 

4. J7ie gahame pUe of Signar VoUa teem inee^pable of 
acHngwhen ike waier between Hie poire qfpkUee ie pure. 
The word pure is here used in the same sense as in 1, 
a. I have found by numerous experiment^ that the 
galvanic {nle introduced into hydrogen, through com- 
mon water, ceases to evolve gas in the tube, and to act 
in about five or six minutes, u e, in about the tiuie 
required to consume the atmospheric air dissolved in 
the common water between its plates. The action of a 
pile, as known by its power of evolving gases fiom 
water. Is diminished immediately on its introduction 
into these gases. It ceases in them nearly in the same 
time, ami t an nut be restored by admitting fresh gases 
of the same kind, though, as will be seen in the next 
section, it is immediately restored by immersing the pile 
£xr • moment in water saturated with atmo^heric air. 

h. I have found by numerous experiments, made 
with the assistance of my friend, Mr. King, that the 
galvanic pile ceases to act in vacuo when the gage is 
at about of an inch, even though the poles are 
connected by wires with the atmosphere, and the 



160 



OK THB CAUSES OF 



water it is made to act upon in contact with the atmo- 
sphere. 

5. The Pilt acts w/ien tlie water between the double plates 
kold» m sobaim atmoipherw air, or oxjfgen, or miraus 
gait ^ niitnm$ add, or marme add. 
This fact I have piored by numerous eiperimenta. — 
a, A pile acted in atmospheric air^ included in a glass 
cylinder over water for two days, till iiciuly all the 
oxygen of the air was consumed. — 6. A pile decom- 
posed water much more rapidly in oi^geii Uian in 
common air^ and lets rapidlj in nitrous gas than in 
common air< — e* That the influence of an elastic oxy- 
genated aLniosphere is not essential to the galvanic 
effects, is evident from the fact of the constant restora- 
tion of the powers of a pile after they had ceased to 
appear in the hydrogen, nitrogen, &c., hy momentary 
immersion in water saturated with atmoai^eric am 
In these experiments the piles were plunged into the 
water confining the gases, and again immediately ele- 
vated into the gas witliout bein^ exposed to the 
atmosphere, and the phaenomenon could be owing to 
no od&er cause than the impr^ation of the water 
with atmospheric air, hecause when piles were plunged 
into water saturated with nitrous ozyde,* their powers 
were not restored. — d, I have proved by many expe- 
riments I that water, deprived of air, is capable of 
attracting it firom the spirits of turpentine, when the 
last is in contact with the atmosphere. The galvanic 
pile acts in spirits of turpendne for a greater length of 
dme, and nearly as well as in the atmosphere, the water 
between its plates being constantly supplied with air 

• TUf gas ocpelf much common atr ftom water. See Re«. Chem. et 
PhU R. it. 3. 1. 
1 llMie ezperimantt will be famafter detailed. 
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from tlie spirits. It act;^ but iov a siiort time in spirits 
of wine, on account of the combination of this fluid 
vfith its water. — After a pile has ceased to act in 
hjdrogen, its powers were unifonaly restored by a 
moDientaiy immefsioii in very dHttted marine wad. 
They were likewise restored, and rendered more intense 
thaii in the atmosphere by momcTitary immersion of the 
pile in dilute nitrous acid, though they continued to be 
exerted for a short time only, L e., till the add was 
decomposed or satmrated. 

6k The power of oeHan of the pile of VoUa appem t» 

be, in great metmire, proportional to the power of the 
canducti/tf/ fluid substance between the double plates to 
oxidate the zine. 

This seems snfBdently proved from the &cts in the 
£>Uowing sections. The zinc ozydates less rapidly 
in nitroas gas than in atmospheric air, and less 

rapidly in atmospheric air than in oxypen : and the 
power of action of the pile as known by its ovolvinji: 
gas firom water is greater in oxygen than in atmospheric 
air, and greater in atmospheric air than in nitrons gas. 
The power of the pile to decompose wat^, and to give 
the riiock is wonderfully increased after it has been 
dip]K"d in marine acid, and still more increased after it 
has been dipped in weak nitrous acid ; and these bodies 
only enable the zinc to oxydate itself more rapidly. A 
series of plates^ in which the oxydating conducting 
flnid was strong nitrous acid, acted, as will be seen here- 
after, infinitely more powerftilly than any odier combi- 
nation; so that it would seem tliat the power of a pile 
is not much connected with the evolution of hydrogen 
from water. 

7. Concbtiione^ — Of two phenomena, or of two series 
of phenomena, we can only affirm that the one is thQ 
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cause of the other when it vasahmly precedes it^ and 
nhen their modifioatioDa are connected. But it appears 
from all the foregoing facts, that the galvanic pile of 

Volta acts only when the conducting substance Ijetween 
the plates is capable of oxydating the zinc ; and that in 
proportion as a greater quanti^ of oxygen enters into 
combination with the zinc, in a given time^ so in pro- 
portion is the power of the pile to decompose water^ 
and to give die shock greater. It seems, therefore, 
reasonable to conclude, though with our present quan- 
tity of facts we are unable to explain the exact mode of 
operation, that the ozjdation of the zinc in the pile, 
and the chemical changes connected with it aie $omehaw 
the cause of the electrical eflfects it prodnces, 

S. Of anewmadeqf emuiruetinff a Pile, 

Assuming the truth of thisconcluision, it waseasy to con- 
ceive, tliat a pile much more powerful than any hitlu rto 
constructed might be made, particularly supposing that the 
decomposition of water was not essential to the process, 
nates of sine and silTer, 1*2 inches sqaarej were ftstened 
in pairs by resinons cement: eighteen of these pairs 
were connected to each other by cement, and so inclosed 
by it as to leave water-tight partitions open at one side 
only between each pair of plates. When muriatic acid 
was poured between the partitions of this machiney the 
plates being perpendicular, it acted Tery poweifhllj ; its 
capability (^decomposing water and giving the sfaoA, 
being at least equal to that of a common pile of seventy 
plates. Diluted nitrous acid made it act still more 
poweifiilly* When the partitions were filled with water, 
its action waa barely perceptible. Concentrated nitrous 
acid was poured into them. In this case the first shock 
was so powerful as to benumb my fingers fer some 
seconds, and I did not dare to take another. I was 
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almoBt inuBediately obliged to throw the pile into witer 
to prevent it fiom being destroyed, so that tiiero wwb no 

time to ascertain its power of decomposing water. 

In a secoud cxperiuient, with strong nitrous acid, I 
used only five pairs of plates^ when the shock was iidl 
as poweifiil as £rom the oommon pile of thirty platse. 

Tfavee peiis of plates^ ^vith nitrons add, gare a yirjr 
aenrible shocL 

I have procured (on account of the loss of the silver 
where this substance is part of the pile with nitrous 
acid) a number of plates of copper, iron, and zinc. They 
have not yet been disposed in the apparatus: but I 
expect by means of nitnnia acid, to ptodnoe effects £rom 
tbem eqpui to those of the straigeBt electrical battery. 



SZmACT 09 A LKITIB TO KB. MIOHOUON, ]>ATBD Oct. 
88, 1800, SfTPPLBMBHTABY TO THB PRBCBDINO PAPJBB 
OH GALVANISM.* 

Whsn I exhibited to Dr. Beddoes the phenomenon of 
the renoiration of the powers of the galTanic pile, after 
U h«l «e«ed to act in hydiogei.. nhiogen, 
mentaty immersion in water, holding in solndon atmo- 

spheric air, he requested me Lu try whether oxygenated 
muriatic acid gas, solution of nitre, 8rc. wuuld not 
inowase the e&ociB, The tear of destroying the silver 
pievented- me at the time from trying the experiment 
on ongrgenated mnriadc add gas. I have since, how* 
erer^ in endeavouring to aseertun whether the elec- 
trical phaenomenii of galvanism were producible when 
the plates oi the pile were oxydating, (separated from 

* {Vrtm. Niehoboa'i jMnd, vol. I?.] 
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each other by a non-conductor, and in contact with an 
aeriform fluid only) had an opportunily of observing 
the very great power of this anhBtanoe in producing the 

galvanic (lecomposition of water. 

Ten pails of plates of silver and zinc were conr^cctrd 
by cement, so as to prevent the alternate contact oi the 
metal* The spaces filled by cloths in the common 
pile were suffi&red to remain open, so aa to admit of 
a firee dicaktion of air. A tube, with water, and silver 
wires was adaj)U^d lo the extreme plates. 

This pile was introduced, without l>€iug moistened, 
into a vessel^ provided with a stopper, filled with oxy- 
genated marine add gas ; bnt no perceptible galvanic 
action took place. After two hours, no gas had fonned 
in the tnbe, nor had any oxydadon of the sine wire 
been produced.* The same pile wa^s now moistened by 
immersion in water. Before and after it had been 
wiped, it showed no signs of action in the atmosphere. 
It was inlToduced into a vessel of oxygenated marine 
acid gas, opened as before in the atmosphere. In a 
moment, the zinc wire in the tube began to oxydate 
with the greatest rapidity, whilst gas was given plen- 
tifully from the silver wire. The process continued 
to go on till the green colour had disiqppeared in the 
cylinder* 

Thb experiment not only amnges with the fiicts of 

Fabroni and Colonel Haldane, and those I have before 
stated, but likewise seems to j>rovc tliat the chief use of 
the Urge surface of water required in the pile of Voita 
is to oxydate a larger quanti^ of zinc t for in this in- 
stance veiy minute quantities of water connected the 
plates, and consequently very minute quantities were 

* Tlic mctak of the pile had been acted upon in thii eiperimeat, and 
were warm at Uie condufion of it. 
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sufficient to enable the electrical currents to form the 

I am at present engaged in endeavouring to ascer- 
tain by experiments whether any ditierences exist in 
gases evolved firom water by the galTanic coxrent, when 
difierent ozydating substances form the medium of com- 
munication between the plates. When these experi- 
ments arc completed, or at some future time, I shall 
probably offer some observ^ations on the peculiar affini- 
ties which enable iron, zinc. Sic to decompose water 
only when it holds in solution atmospheric air, acids, 
or other bodies containing oxygen. On the principles 
before hid down, nothing is more easy than to explain 
the use of muriate of soda, muriate of ammoniac. Sec, in 
increasing the powers of the common pile. 

As the quantity of power in a pile is probably in pro- 
poftion to the quantity of ozydation of tiie rinc, and the 
number of the series of pktes, the pile of Mr. Cruick- 
shank, or that I have described, will, probably, be most 
useful for processes, in which much galvanic power is 
required. In these processes, muriatic acid, or very 
dilute nitrous acid, may be used as the oxydating sub- 
stance ; for they will enable the plates to act till all the 
oxydaUe metal is destroyed, without the common 
trouble of cleaning and rebuilding the pile. 
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AN ACCOUNT OP SOME ADDITIONAL EXPERIMENTS AND 
OBSERVATIONS ON TUli CiALVANlC PHENOMENA.* 

I. Additional experiments on the causes of tbk 

Galvanic Ffli&NOHENA. 

. 1. Sulphuric aeidy when highly concentrated, is pos- 
sessed of but little power of action upon zinc, though 
when diluted it dissolves it with tlie prrcatest rapidity. 
AssunuDg then the truth of the principles acKanced in 
my last paper, namely^ that the powen of the pile of 
Volta are primarily exctfted fay the osydatioii of die 
zinc, it follows, that diluted sulphurie acid, when made 
the medium ot <: (jiinexion between the pairs of plates, 
ought to produce much greater effects than concentrated 
sulphuric acid. 

This I have found is actually die caae. When the 
cells of a series of twenty pain of silfer and sinc^ eon* 
structod with wasen cement, in the mode described in 
8 of my last paper, were filled with sulphuric acid, 
nearly of specilic gravity 1 '9, no galvanic action, except 
the production of a slight caustic taste, was perceptible 
by the usual methods of trial; diough when dilute sol- 
phuiic acid was used, the ends of the series gave shodcs 
to die moistened fingers, and wires connected with 
them effected the u^ual changes in water. 

That concentrated sulphuric acid is not of that order 
of more perfect galvanic conductors which, when inters 
posed between theplates, destroy their electrical efiects, 
is erident^ from the following experiment : the oeUs of 

* [From Nichoko&'t Journal, vol. iv. December, 1000.] 
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ten pairs of plates of copper and zinc, coiutructed with 
waxen cement, were fiUed with concentrated sulpharic 
acid, bat not the sUghteot galvanic power was prodnced 
A small drop of water was then poured upon the acid 

in each of the cells. The action of the series was ini- 
mediatclj shown by its producing the usual appear- 
ances ou wires in water. 

2* The galyanic conducting powers of liquid aial* 
phureta ate at least equal to those of water. I ifound 
that when the fingers were plunged into <i;l;is8es, con- 
taining solution of bulphuret ufstrontian coiuiccted with 
the ends of a pile, the shock was full as sensible as if the 
commnmcation had been made through water. When 
the galvanic current was made to act on solution of 
sulphuret of strontian bj means of silrer wires, the one 
wire became blackened, and gas was given out round 
the silver wire. But solutions of sulphurets arc in- 
capable of giving oxygen to zinc ; they consequently 
ought to produce no galvanic effects when made the 
media of connexion of the double plates in the pile of 
Volta. Twenty-five pairs of siher and zinc, erscted 
with clotlis moistened in solution of sulphuret of stron- 
tian, produced no senRible galvanic action, though the 
moment the sides of the pile were moistened with a 
Uttle nitfous acid, the ends gave shocks as powerfol as 
those of a similar oonunon pile* 
. ^ No phmomenon is more constant than the cessa- 
tion of the action of the common galvanic pile in a 
vacuum* when the ^iii^a is below one-fourth. Sup- 
posing the expulsion of atmospheric air kom the water 
Inventing it from oxydating the zinc, the sole cause of 
this oessationy it follows, that a pile ought to aet in 

* See Colonel Ui^dAoe, Phil. Jour. Xo. 48, toL iv. ; and my last 
paper. 
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vacuo when nitioiu addt or diluted Bulphuiic acid is the 
medium of connexion between the plates. Into each of 

the cells of a series of twelve pairs of s'lUer and zinc 
plates, which had just been iiioistenct] with a little 
water^ a laige drop of nitric acid was introduced : when 
the wires connected with the ends immediately began 
to produce the usual appearances in water* The series 
was introduced under the receiTer of -an air pump» and 
the silver wire from its zinc end connected with a 
vessel of water that had been long boiled. The wire 
&om its silver end was so ^tened by resinous cement, 
to a sliding brass wire pasring through the top of the 
receiver^ that it could be plunged at pleasure into the 
water when the vacuum was made. The receiver was 
exhausted till the gage stood at -f^ of an inch, when 
the communication was affected. The zinc wire im- 
mediately began to oxydate, and gas was given out 
round the silver wire. The process went on for many 
minutes, and when it had ceased, was not senably 
revived by the admission of the atmosphere. In another 
experiment, the same phsenomcna were observed. 
Gas appeared to be given out more rapidly from the 
silver wire than in the atmoflphere ; but this was from 
the diminution of pressure. The oxydation was cer- 
tunly less, which may be easily accounted for, when we 
consider, that no nitrous acid could be recomposed in 
vacuo as in the atmosplierc from the nitrons sras dis- 
engaged between the plates, and that, in consequence of 
the diminished pressure, some of the acid must pio^ 
bably have assumed the aeriform state. 

A drop of sulphuric add, poured into each of ^ 
moistened cells of twelve pairs of plates, enabled the 
wires from the ends to effect the usual changes in pure 
water for rather more than half an hour in vacuo, the 
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gage being at '^he QXjdat.ioa went on nearly as vividly 
as in the atmosphere, and what is rather remarkable, 
some gas was given out firom the oxydating wire^ though 
▼erjr little was produced from the diver iviie. 

4, The resnlts of the last ezpefiment are interesdng 
not only from theur comcidence with other facts, Imt 
likewise because tluy niYovd proofs that the presence of 
oxygen in that loosely combined or peculiar state> iu 
which, when absorbed by combustible bodies, it pro- 
duces inflammation^ and in which» in m j infant chemi- 
cal specolationB, I suppc^ed it to be combined with the 
matter of light, is not essential to the galvanic eflPects. 
Whether water is absolutely essential, we shall find 
some dijQ&culty in detenniningy as it exists in larger or 
smaller quantities in ail the non-metallic fluid galvanic 
condncton that have yet been experimented upon. 
The fi>!kiwing fiict is in ftvour of its essentiality. The 
compound of concentrated sulphuric and oxygenated 
muriatic acid,* (which may be formed by introducing 
oxygenated muriate of potash into sulphuric acid, or by 
pasaing oa^genated muriatic acid gas through it,) slowly 
oxydates both sine and silver, the oxygenated marine 
acid being decomposed. I expected that it would pro- 
duce strong galvanic effects, when made the commu- 
nicating medium of the cells of a pile ; but in this I was 
diaappouited ; a series of twen^ pairs connected by it 
produced hardly any sensible action* 

5. If any person wishes to repeat the experiments in 
vacuo just detailed, great caution must be observed 
with regard to the (quantities of acid introduced into 
the cellSi Two or three drops in each wUi be suf- 

* I arc identttily discovered this romhiiiation in Jiil> , 17L''J Some oj" 
its properties are very peculiar. M ore interesting iaquiries Uave lutUerto 
prerented me from mioutdy examioing them. 
TOL.II. I 
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ficient, paiticttlarly if it has been previouslj a little 

moistened. When large portions are employed, tlie 
efFervebcence highly increased by the removal of the 
atmosplieric pressure will be often sufficient to moisten 
the edges of the oellsy and to make a communication 
between them. In consequence of the uae of too much 
acid, I have made many unsuccess^l experiments. 

The water used in vacuo for connecting the wires 
should be always previously deprived of loose air by 
Jong ebullition, or otherwise the disengagements of that 
substance firom it will much disturb the results. 

XL ObsERVATIOWB gained from MmUTE ENSPBCnON 

OP GALVANIC PB0CEB8E& 

1. Whenever the galvanic circuit, passing through 
the pile with wires, is broken by means of water, oxygen 
is unifbrmly produced at the ^zinc metallic point, and 
hydrogen at the silver metallic point This is shown 
from many experiments in Mr, Nicholson's Philoso- 
phical Journal. Considering analogies, an interesting 
question occurs. Do not the same phsenomeua take 
place in eveiy part of the series ? i, e» is not oxygen 
fixed in eveiy plate of zinc, and hydrogen produced on 
every plate of silver, at the points of their contact 
with the water of the cloths? With the hope of Grain- 
ing a 8ohiUoii of tliis question, T constructed a series of 
twenty glasses with spring ^^ ater, containing plates of 
diver and zinc, connected by brass wire, in the mode 
pointed out by Volta. This series gave feeble shocks, 
and a mlver wire connected with it produced the usual 
appearances in waicr. Oxygen was fixed upon that 
part of the wire in the glass containing the last silver 
plate, and hydrogen was liberated from that part of it 
in the glass containing the last zinc plate. 
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The series was made analogous in all its parts, tlie end 
glasses being connected by a pair of plates, so that 
ereiy glass contained a sihrer plate and a zinc plate. 
On minutely inspecting the glasses immediately after, 
no particular phsenomena could be perceived. But 
aftf 1 ()( ca.sioiuil attention to thr ])r(>cess for many hours, 
I observed the ziuc plates begmuiug to oxydate in many 
of their points, though no gas was produced upon 
them. No gaa had formed upon the silver plates, but 
the surfece of the water in contact with them became 
covered with an oparjiic white pellicle. 

2. The silver plates used in this experiment were 
not perfectly polished. This might have iniiuenced the 
results, and some gas might have escaped my obeenra- 
don. That the operation mi^t go on in closed vessels^ 
I cut off the bottoms of some bottles with a Hie, so that 
theT could be easily joined a*iain bv cciiiLUt. Inio one 
of these bottles I introduced a plate of polished zinc,* 
and into another a plate of polislied silver. The plates 
were connected by a wire attached to their upper 
angles, which protruded into the atmosphere through 
orifices made at the places of junction of the bottoms of 
the phials with their sides; these places of junction 
being rendered perfectly water-tight by resinous cement. 
Four apparatuses of this kind were constructed. They 
were filled with pump-water, inverted in the galvanic 
otder in glasses containing that fluid, and made part of 
a connected series of twcutv glasses. 

After more than twelve hours, the zinc plates had 
become tarnished, but had given out no gas. In two of 
the bottles with the silver plates, globules of gas, too 
small to be analyssed, had collected These plates 
examined in the atmosphere, as well as all the other 
^ Of 1*2 iocb€« square, the size used in all the former ex^rimeutd. 

j2 
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ulver pltttes, were covered in some points nfitb a fitan of 

Avhitc substance, which Avas soluble with slight efferves- 
ce nee, and without producing cloudiness in muriatic 
acid. 

3. Unable to acooimtfi>r the non-^ippeiuraiioe of hydro- 
gen during the oxjdation of the zinc, I could not hut 
conclude that it vnB condensed or abeoibed in tcmt 

new coiiipouiid on the surface of the silver or the zinc. 
Guessing that the quantity of sur^e might be con- 
nected with the phsenomenon of its non-appearance, I 
substitttted in three of the phiale for the eqnam sil^r 
plates oblong ones of the same length, and about *3 
inches wide. These had not been long connected 
with the series before pas began to form u])on them; 
and in four hours sufiicient was collected to be exa- 
mined: from the coarse test of inflammation, it appeared 
to be hydrogen* 

Thirteen purs of a connected series of twenty-five 
glasses were now composed of square zinc plates, and 
oblong silver plates of different sizes ; some of them 
being about *3, and otliers not more than *1 inch wide. 
Gas was almost immediately given out from die greater 
number of the oblong plates, and in laigest quantity 
from the smallest; from the slips of *1 wide, indeed, 
a constant stream of globules ascended through the 
water. 

Small oval, circular, and square plates^ of nearly equal 
8ur&oes» with the slips connected in the series in the 
places of some of them, produced precisely the same 
effects. In short, whenever the surfaces of the silver 
plates did not exceed one-fourth of the quantity of the 
surfaces of the zinc plates^ whatever were their fornu, 
gas was always produced upon them ; and both laige 
and small sur&ces in c<Mnmon water in a gieat leng^ 
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of time became covered at some of their points of con- 
tact iMk that finid ivith a whitish fihn. 
When small oblong zinc plates were introdnoed into 

any part5 of the series instead of the larger plates, they 
appeared to oxydatc rapidly, witliout giving off any gas. 

4. The substitution of oblong silver slips for many of 
the pistes did not ajqparandy much diminish the power of 
the series; I therefore constmcted a series of twenty- 
seren glasses, wholly composed of zinc plates attached 
to their silver wires. This combination with pump- 
water gave feeble shodu^ which were less vivid than 
those of the common series of eighteen. When, how- 
ever, it was made analogous in aU its partly all the wires 
not deeply inserted in the water gave ont gas, and die 
zinc plates slowly oxydated. In another experiment, 
in which a series of thirty glasses, containing wires and 
sine plates, were used, most of the wires not only gave ont 
ga% hot after some time became covered at their points 
of contact with the sorfiice of the water with a white 
fihn ; a few of them, not deeply inserted, produced a 
slight white precipitation. 

5, These &cts seemed to show that the quantity of 
hydriqgen piodooed in a series^ was^ in some measnre^ 
and to a certain pdnt^ in the inverse ratio of the quantity 
of sorfiKse of the nlver plates. Speculating upon them, 
and comparing them with the experiments of Mr. 
Cruickisiiank, and those which I noticed in uiy last paper 
on the signs of ammoniac perceived during the action 
of a pile in common air, I could not but conjecture that 
whilst oxygen was condensed on all the sine ezdtors ui 
the series, hydrogen was produced on all ihe silver 
ones ; and iu small surfaces chiefly liberated, whilst on 
larger ones it was almost wholly condensed by the 
nitiogen of atmospheric air dissolved in the water, and 
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this conjecture was rendered more probable, when I 
considered the white matter chiefly formed nnmd the 
flilver at the biii&» of the water, and its soltibility, 
without cloudiness in acids, as it might easily hare been 

produced by the decomposition of Magnebiaii salts exist- 
ing in the pump-water. 

To determine whether ammoniac was produced, 1 
made many experiments on the different series, cocisist- 
ing of from seventeen to thirty glasses. In some of 
thcpe glasses wires were used, and in some of them 
plates. Sometimes dislilied water was emplojed, and 
sometimes pump-water, both of which were occasionally 
tinged with red cabbage juice. 

Without being minute in (he detail of these experi- 
ments, T shall give their general results. In the vessels 
C(>iit;i!niiifr the red-cabbage-juicc, tluil lliiid, alier many 
hours, became tinged with green where it was in contact 
with the silver, though at its point of contact with the 
zinc no change of colour could be observed in it In 
the pump-water a white film always fi>nned on die 
surface of the water near its point of contact with the 
silver : whilst in distilled water such an a])pcarance was 
hardly perceptible. Th^ anomaly of its being now and 
then perceptible I am inclined to refer to accidental 
impurities in the vessels. The silver slips in pump- 
water almost always became incrusted with a white 
matter, which was never notable in dislilied water, 
and which was soluble, without cloudiue&s, in nitrous 
acid. 

In one experiment, when a silver slip, forming part of 
a powerfid series, was introduced into a small vessel, 
containing solution of muriate of magnesia* (connected 

• Hlarlateof tlll^;iieiift was usc<! in preference to nitrate or sulphate, 
became there ww a poasibUity of the deoompoeituni of the ackla in 
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with the next zinc gkas by means of muscular fibre, to 
prevent the interference of the ozydating metal with 
the results), in the course of a night much gas was 

given out from it, and it became incrusted with a white 
matter, which dissolved with slight cft'enescciice in 
mariue acid. A precipitation liad taken place in the 
fluid. 

These results afiford strong probabilities in favour of 
the production of ammoniac on all the silver exeitore of 

the series fonncd with cnniniou water: and coiuparc-d 
with the facts beforc-meutioned, they amount ahuost to 
demonstrations* Whether the nitrogen of atmospheric 
air dissolved in water is the agent which forms with the 
hydrogen ammoniai^ future experiments made in vacuo 
must determine.* 

6. The power of the scries with silver wires, was 
much less than tiiat of the series with plates. Suppos- 
ing the formation of ammoniac, it was probable, that 
tiie larger quantity produced upon the plates, might be 
in some measure the cause of their greater poweis ; and 
if so, it wuiJ likely thai the condensation ut nascent 
hydrogen upon the wires would be connected with 
lipase of power. From the following facts it appears 
that this is tiie case. A series of thirteen plates of sine, 

these salts by the nascent hydrogCD, which alone w<nild occaBion a pred* 

pitfttion of the earth. 

• Mr rniickshank, who fir«<t noticed tho probalilo formation of 
ammonia* im the silver wire of tlio i>ik', Ims offered mmv infreriious 
ar^meiil- rn prove thnt nitrons acid i.-* tinned at the zinc wire. 
Analogy w»nil<i indure li» cunjecturc, that if it was formed on one of 
the oxjdathig snr&ces, it on<:ht to be formed on all. That no change of 
eoloor tikes place in oabbage-juiee» In eontaot with the oxydating zinc 
|Mee, may be eiring to the great coitenaioii of their toz^eee. It is 
worth ohecwhig, that the iflyer oxydatee ae rapidly In water hi vacno aa 
la the atmosphere, when the pile is In the atmosphere; or when nitrons 
«r solplraileaelil'IsniedontheeeQsin'vaeQO. > < 
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with their silver wiies oonftrocted in gluMe, oontaiidng 
fieak solntioiis of red sulphate of iron, mingled widi ar 

little solution of common sulphate of iron and nitrous 
gas, acted full as {Powerfully as the common series of 
twenty plates. The wires gave out no hydrogen, but 
occanoned a brown precipstatioii in ^e fliad, and the 
line plates soon beame covered with green ozyde of 
iron* The pheenomenon was the same widi the other 
metallic sohitions, capable at the same time of absorbing 
hydrogen and oxydating zinc. 

7. The strongest analogies would induce us to 
believe^ that all the galvanic series composed of easily 
oxydable metah and diffteiddy oxydaUe metals most 
feOow the same laws in prodncing changes in their eon* 
nectln^ iluid as zinc and silver. But iis from the inter- 
esting tacts of Colonel Haldane, it appeared that iron 
and zinc as a combination were possessed of very con- 
sidexable and as iron is but little inferior to 
sine in its affinity for ozygen> it became a earions ques* 
tion what would be the halntndes of those metals in 
effecting changes in the water constituting them a 
series. Sixteen zinc plates, and sixteen pieces of thin 
polished iron wire, were connected in galvanic order. 
Otae-half of the series of glasses being filled with sohi- 
tion of red sulphate of iron, and the odier half with 
pump-water, the end glasses gave iaint shocks when the 
tongue was introduced into one, and the fingers into 
the other. When they were connected so as to make 
the series analogous in all its parts, all the iron wires in 
the common water give out gas without osiydatingi and 
these in the solution exhibited the same appeanmoes s» 
the silver wires in II. 6. 

8. A series of glasses composed of'ziffc plates and 
silver wires in galvanic order with pump-water> was 
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suffered to remain for some hours without being con- 
nected at tiie extremity so as to complete the circuit. 
At the end of this time fiome globules of gas a{^peared 
OD some <^ the line pktesy wliich were a little larnldied; 
no gas was produced on the silver wires, and they had 
nndeigoiie no apparent change. 

Having set up a jx>wer£ul series of 27 erl asses, (some 
with red sulphate of iron, and some with water), in 
which zinc ^nd silver wire were the excitors, I found 
that whenever I auf^lied the place of a pair of plates^ 
either bj a aing^ metallic wize^ or a chain compoeed of 
diiRmnt metids, whatever were ihmr habitudes of 
oxydation, hydrogen was always produced at the }>lace 
of the silver, and oxygen always fixed or extricated at 
the place of the zinc. When many silver wires were 
introduced into the series in new gUases, so as to pre- 
serve the original number of exciting ^tes, the powers 
of it seemed to be vety Uttle diminished, and gas was 
given out, and oxygen fixed in every new glass. When 
the points of contact of some of the plates and wires 
above the water were covered with cement^ the phssno* 
mena weie llie same as if they had been ei^osed to the 
atmosphere. When one pair of a series was in vacao^ 
the gage being at the powers of the whole were 

not sensibly diiniiiislied. 

9. On these facts I shall not presume to speculate. 
There is eveiy reason to believe that a number of new 
experiments most be made, before we shall be able to 
diMSOver the laws in consequence of widch one quantity 
of chemical action generates in the galvanic series of 
Volta, an influence capa])le of increasing all analoL^oas 
actions, and of generating new similar actions. Many 
new observations must be ccdlected, probably before we 
sliaU be able to ascertain whether water is decomposed 

i5 
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in galvanic pioceaaes. Saj^XMiDg its deoompontion, we 
must assume, that at least one of ita ekmenta is capable 

of rapidly passing in an invisible form through metallic 
substances, or through water and many connected 
organic boilies; and such an assumption is incommensur- 
able with all known flicts. But a short period has elapsed 
since philosophers beheld with wonder, solid and fluid 
sabstancee assuming new modes of existence in different 
gases. Do not the new phsenomena of galvanism 
authoritfo us to hoytCy that at no very distant time they 
will behold even those gases undeiguing novel ^^'""g'^ftj 
and existing in new and now unknown Snrms '7 

m. Rrmabkb on the powebs of differeiit galvanic 

COMBINATIONS. 

1. I have found ty many experiments, that when 
muriatic acid is introduced (in quantities sufficient to 
produce visible changes) into water contained in the 
glasses of an effective galvanic series composed of sine 
piataSy and silver wires^ the adnc plates are acted up<»a, 
and gas is given out 'from every part of their surfiices ; 
whilst the quantities of gas produced on the silver wires 
are increased only in the apparent ratio uf the increased 
power of the series to give the shock. W hen muriatic 
acid is introduced into a certain number only of the 
glasses of a series, similar changes are produced in these 
glasses ; but there is no apparent altemtion in the nature 
of the phenomena taking place in the other glasses; 
these phenomena are only rendered more vivid. Effects 
analogous in appearance take place when the sulphuric 
acid, and even when the nitric acid is employed. 
So that it appears that the power of a series to fix 
oxygen upon its zinc plates, and to evolve hydrogen 
irom its silver plates^ is limited, and cannot be iucreui>cd 



Digitized by Googk 



DIFFERENT GALVANIC COMBINATIONS. 179 



by oxydating bodies bc3'ond a certain extent. We mubt 
ocmsequentlj cooclude^ that only a certain quantity of 
galvanic influence can be made to circulate through 
a series io a given txane, and that the increase of ox jdar 
tion beyond a certain time is connected with no new 
increase of ix)wer. 

2. The j^ulistancos which are capable of rapidly 
oxydating the impcriect metals and of condensing 
nascent hydrogen at the same time, are those which 
produce the most powexfiil effects^ when made the 
medium of connection between the metals in the 
galvanic series. The nitric and oxygenated marine 
acids appear to be the most po\N orfiil of the kiiowii liiiid 
excitors of the \n\e. The solutions of metallic salts, 
composed of acids and ozyds at their maximum of 
oxydation, stand next in ordier; then follow the muriatic 
and salphoric acids, and the neutral salts containing 
these acids, or niirie acid. 

I have lately endeavoured to make some comparisons 
between the powers of piles constructed with nitric acid* 
and those of common piles; but vdthout much success. 
The rapid action of the acid» the evolution of gases 
connecting the plates by moisture, and the production 
of heat, all tend to disturb the results. The smallest 
series of plates from which I was able to obtain shocks 
by nitric acid, was composed of three pairs. Six pairs, 
with moderately strong nitric acid, gave a shock more 
acate than that produced by a common pile of twenty^ 
seven pairs, but apparently much more limited in extent: 
it was felt no iurlhcr than the upper joints of the finders. 
With twelve pairs, or still more numerous combiualioiis, 
the shock was always more acute and painful, than firom 
a common pile composed of four or five times the num- 
ber of plates; but apparently more locals and felt over a 
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smaller sur&ce. As l^on of the cement always took 
place 'when the trough was used in these experiments, 
cloths wetted with the acid were generally employed ; 
but in no case was it poflaible to prevent the edges of 
Ibe plates ftom being mdsleiied, so thataoertain degree 
of cominiiiucation between tbe ends always existed, and 
from this communication the efFects must have been 
much diminished. A pile with nitric acid had its power 
very little lessened by momentary immersion in water. 
Hence tbe incieaae of efiect cannot much depend im 
tbe increased temperature of the {dates. 

3. Copper and sine act Tcry powerfully widi nitric 
acid. Iron and zinc seem to act ueaiiy a^ iutensely 
with muriatic acid as \\ ith nitric acid. 

The galvanic combinations that X have been lately 
most in tlie habit of naing^ aie series of glasses con- 
sliDcted with cine plates^ rilver or km wiie> and sidn« 
ticns of red sulphate or mnriate of iron. These combi- 
nations act for a lon^ time intensely; six or eight glasses 
being capable of slowly decomposing water; and if 
their action is at any time diminished from the depcei- 
tion of oxjd of iron on tiie sine plates^ it may be 
earily restored by the addition of a little acid to the 
solution. 

4. I noticed in a former paper the conducting powers 
of charcoal, when made part of the galvanic circle.* 
I lately set up a series of eight glasses, with small pieces 
of wdl burnt charcoal, sui^ and solution of red sulphate 
of iion; lihe chaxooal and sine being comiacted by mheat 
wire. This series gave sensible diocks, and nqpidly 
evolved ga;ses from water ; wkiist an equal series with 

* Dr. Wells, in an excellent paper on galvanism, in the Pliiloaophical 
TransaetioDt Ittf mentioned tlie greet powen of an are oompoeed of 
chaiooal and sine in exciting the UnlM of froge. 
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flihrer and mae prodnoed mucli weaker effects. Hence 

it would appear ihat charcoal and zinc are e^ual^ if not 
superior^ to anj metallic combinations. 



LBTTBR to MB. KICHOI0ON, GONTAUriKQ NOTICES CON- 

CBBNIKG GALTAK ISM.* 

Sib, 

In pursuing my inquiries coneeming the production 
of ^Tanic inflnAn^ during m^f^ll^ ozydadon^ X have 
ftond that many of the difficultly oxydable metals may 

be made to act as Voltuc combinations, by being con- 
nected in ])Hirs in the common order with iiuidii capable 
of oxydating one of the alternate metals. 

Ten silver plates attached to thin gold wires, and 
«nu^;ed in gUtsses containing dilated nitric acid^ pio* 
dnoed iwhen their agency was applied in the naoal modei 
a strong causdc sensation on the tongue, and eflSected, 
though feebly, the usual changes in water. 

Twenty pieces of copper in contact with silver wires, 
when ocmnected with weak solutions of nitrate of 
mercoiy act powerlnlly^ and that for a g^t length of 
time, Lf, till almost all the mercury was precipitated on 
the copper. The inflnence produced sensible shocks. 
When it wa-s passed through water by means of gold 
wires, oxygen was given out at the place of the copper, 
and hydrogen at the place of the silver. Whereas in the 
combhiation with silver and goLd^ the oxygen was pro- 
dnoed at the plaoe of the silver, and the hydrogen at 
that of the gold. 

The a^ncy of galvanism upon inorganic bodies 
appears to be simiiar under all the dijSerent modes of 
[* From NkiiolMm'i JoueuiI, toL It. M/putj, 1801.] 
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excitement. I have found that the prases evolved from 
water hv the action of series in which the oxvdatin<r 
£uid media are acids or metallic solutioas^ do not difier 
in kind or properties from those produced by that of 
combinationB in which the Auid media are constituted 
by common water. 

I have lately made many experiments on the single 
oxydating circles of Ash, and on the inlhu nee of these 
circles on galvanic animal irritation. These experiments 
will at some time he made public ; they go £u towards 
proving not only that the circles of Ash are governed by 
the same laws as the pile of Volta; but likewise that 
there exists in living matter galvanic action independent 
of all iiiflnonre irenerated by metallic oxydation. I have 
produced the piiamomena of taste and muscular irritsr 
tion by means of metals, in cases when they were Apper 
«ently incapable of undeigoing chemical change. 

I am. Sir, &c. 
(Signed) Humphry Davy. 

Dowry Square, Hotwdb, January 23, 1801. 



AN ACCOUNT OF SOME GALVANIC COMBINATIONS, FORtf ED 
BY THE AEBANOBMBNT OF SINGLE METALLIC PLATES 
AND FLUIDS, ANALOGOUS TO THE NEW OALTANIC AP- 
PARATUS OF MB. VOLTA.* 

1. All the galvanic combinations analogous to the new 
apparatus of Mr. \"olta, which have been heretofore de- 
scribed by experimentalists, consist (as far as my know- 
ledge extends) of series containing at least two metallic 

[« Aon Phil. Ihms. ISOl.] 
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substances, or one metal and charcoal, luiti a straiam uf 
lluicL And it has been generally sii|>posed, that their 
agencies are» in Bome measure, connected with the dif- 
foent poweifl of the metals to conduct electricity. Bat 
I have found that an accumulation of galvanic influenee, 
exactlj similar to the acoumnhition in the common pile, 
may be produced by the arrangement of single luctuliic 
plates, or arcs, witli different strata of fluids. 

The train oi reasoning which led to the discovery of 
thia £sict» was produced by the observation of some 
phssnomena relating to the ooimecdon of chemical 
iiianges with the evolution of galvanic power. 

It appeared, in several experiments, that series of 
double metallic plaU'>, iucapable of acting as galvanic 
combinations, when arranged in the proper order, with 
portions of water, were readily made to jHioduce galvanic 
e/Bectaf by being alternated with aeids» or other fluids 
cafwhie of oxydating one only of the metals of the series. 
Thus, double plates, composed of silver and gold, 
(metals which have been sup])n-( il to differ \t ry little 
in their powers of conducting electricity) produced gal* 
vanic action, when placed in contact, in the common 
order^ with cloths moistened in dilute nitric acid. And 
copper and silver acted powerfully with nitrate of 
mercury. 

These facts induced me to su})pose, tiiat the alterna- 
tion of two metallic bodies with fluids^ was essential to 
the production of accumulated galvanic influence, only 
ao &r as it fomished two conducting sur&ces of difierent 
degrees of ozydability ; and that this production would 
take place, if single metallic plates could be connecLed 
togctlier by different fluids, in such a manner that one 
of their sur&ces only should undergo oxydatiou, the 
amngement being r^ular. 
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On this supposition, I made a number of exj>erjmeiit8 
on differmt annuigementi of omUIs and fluids; 
and, after many Tarions prooenei^ I was enabkd to 
aaoertain, that many of thaae aRangemenla oould be 
made active^ not mily when ozydating, hat likewiae 
when other diemical changes were going on iu t^ouie of 
llieir parts. 

In describing the different g^vanic combinationfi 
formed by aingle metallic plates and floidsi I shall diimie 
them into tfaiee clasiica» Mkmmg^ In the anangement, 

^e ord^ of time with regard to discovery. 

IL The first and most feeble class is composed, wlien- 
ever single metalhc plates, or arcs, are arranged in such 
a manner that two id their surfaces, or ends opposite to 
eftch other, are m contact with difierent fluids one 
capable, and the odier Incapable^ of ozydatiDg ihe metaL 
In this case, if the aeries are nwneroos, and m regolar 
alternation, galvanic influence will be accumulated, 
analnp^ous in aU its eiiects, to the influence of the com- 
mon pile. 

Tin, sine, and aome other easily oxydable metals, act 
most powerfidly in this dasB of combinations, 
if pieces of polished tin, sbont an inch square, and 

^ of an inch thick, he connected with woollen cloths 
of the same size, (moistened, some in water, and some 
in diluted nitrous acid,) in the following order, tin, acid, 
water, and so on, till twenty series sie pit- together, a 
feeble galyanic battety wUl be formed, capable of acting 
weekly on the organs of sense, and of slowly producing 
the common appearances on water; the wire from the 
oxydating surface of the plates evolving hydrogen, and 
the wire flrom the non-ozydating suxfiioe (when of mhrer) 
depositing oxyde. 
In ail cases, when die betterles of tiie first class are 

I 

I 
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erected perpendicalarly, the cloth moistened in acid 
must be placed under the doth moieteiied in water; 
and, in thk anangement^ aa the acid k spmSetSij 
heavier than irater» litde or no ndztuie of the fluida 

will take place. 

When zinc is employed, on account of its rapid 
oxydation in water containing atmospheric air, three 
cloths should be used; the fint moiatesed in weak 
adntum of aolphmet of potadi, (which is poooaaocd of 
no power of action upon sinc> and which prevents it 

from acting u])on the water ;) the second moi.stcncd in 
a solution of sulpliate of potash, of greater specific 
gravity than the solution of sulphuret ; and the third 
wetted in an oxydatuag fluid pacifically heavier than 
eltber of the aohitiona, In thia case, if the order be aa 
fbHowBy sincy ozydating aolntioli, solntion of aolpiiftte of 
potasii, solution of sulphuret of potash, very little 
mixture of the fluids, or chemical action between them> 
will take place : and an alternation of twelve aeries of 
thia kmd, fimna a batteiy capable of producing aenaible 
enectSL 

nL The second class of galvanic comfainationa with 

single plates is formed, when plates, or arcs, composed 
of a metallic substance capable of acting upon sulphu- 
retted hydrogen or upon sulphurets dissolved in water, 
are formed into a with poftiona of a solution of 
aalphnet of potaah, and water, in sooh • manner tJiat 
one aide of every plate, or arc, is in contact with water, 
whilst the opposite side is acted on by the solution of 
sulphuret Under these circumstancesj when the alter- 
nation is regular, and the nomher of series sufficiently 
grea^ galvanic power is evolved ; and vrater^ placed in 
the dicoit witb aiWer wires, is acted on; oxyde being 
deposited on the wire connected with the ride of tlie 
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plate undergoing chemical alteration, whilst hydrogen 
is evohred fiom the side in contact with water. 
Silver, copper, and lead, are each capable of fynning 

this combination. Plates made from either of these 
metals, mav he arranfi;ed with cloths (moistened, some 
in water, and others in solution of sulphuret of potash) 
in the following order, metal, cloth moistened in sol* 
phnret of potash, cloth moistened in water, and so on. 

Eight series will produce sensible effects; and the 
wire from the top of the pile produces oxyde. 

Copper is more active in this class of batteries than 
silver; and silver more active than lead. 

rV, The third and most powerful class of galvanic 
batteries, constructed with fluids and single metals, is 
formed, when metallic substances, oxydable in acids, 
and capable of acting on solutions of sulphurcts, are 
connected, as ])lates, with oxydailug fluids and ^solutions 
of sulphuret of potash, in such a mauiicr that the 
opposite sides of eveiy plate may be undergoing dif- 
ferent chemical changes; the mode of alternation being 
regular. 

The same metals that act in the second class, mav be 
used in the third el ass ; and the order of their p<)\v(r8 
is similar. The pile may be erected iu the same man- 
ner as the pile with junc in the first class ; the cloths 
moistened in acid being separated from thoee moistened 
in solution of sulphuret, by a third cloth, soaked in 
solution of sulphate of potash. 

Three plates of cojijx r, or silver, arranged in this 
manner, m the just order, produce sensible eii'ects ; and 
twelve or thirteen series are capable of giving weak 
shocks and of n^idly produdng gas and oxyde in water ; 
the wire connected with the oxydatinp^ end of die appa- 
ratus evolving li^drugen \ uud the wire attached to the 
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end acting on the sulphureti depositing oxj^de when 
composed of Bilver, and generating oxygen when of 
gold. 

V. In all the single metallic piles constructed with 
cloths, the action is very transient ; the deconipositioQ 
of tlie acids, and of the sulphurets, is generally com- 
pleted in a few minutes; and» in consequence^ the 
galvanic influence ceases to be eYolved* The aiiange- 
ment of all the Afferent series may, however, (by means 
of an apparatus consfracted after the ideas of Count 
Rumford) l)e made in such a manner as to give consi- 
derable permanency to their effects. This apparatus is 
a box, covered with a cement incapable of conducting 
dectricitj, and composed of three pieces of mahogany^ 
each containing grooves capable of receiving the edges 
of the different plates proper for composing the scries. 
One-half of these phitcs must be composed of hum, or 
glassy and the other half of metallic substances; and 
die conductors of electricity, and the non-conductors^ 
must be alternately cemented into the grooves, so as to 
fbrm water-tight cells. 

When the apparatus is used, these cells are filled in 
the galvainc order, with different solntions, according 
to the class of the combination ; and couuected in pairs 
with each other, by slips of moistened cloth, carried over 
the non-conducting plates. 

A combination of fifty copper-plates, arranged in this 
manner with weak solutions of nitrous acid, or nitrate 
of annnoniac, and snlphnret of potash, gives pretty 
strong shocks, rapidly evolves gas from water, and 
affects the condensing electrometer. 

It does not lose its power of action for many hours ; 
and when this power is lost, it may be restored by the 
addition of small quantities of concentrated solution, of 
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die proper cheoiical agents to the fluiida in the different 
celk. 

From the experiments made on copper and silTer;, it 
would appear that the single metallic batteries act 
equally well, when the metals made use of are slightly 
alloyed, and when they aie in a state of purity. 



OUTLINES OF A VIEW OF GALVAMSM, CITIEFLY EXTRACT- 
ED 1 KOM A COURSE OF LECTURED ON THE GALVANIC 
PUJENOMENA, RfiAD AT THE THEATRE OF THE ROYAL 
INSTITUTION.* 

L HmroBicAii IimaoDtTcnoK. 

1. The science relating to the peculiar action of dif- 
ferent ccmductojs of electricity on each other, has lately 
excited a conddeiable degree of attention in the philo- 
sophical world. 

Owing its origin to the phaenomenon discovered by 
Galyani,t the production of muscular action by the 
application of metals to the nenres and muscles of 
animals, it has derived its name from that philoflopher4 

• [From Jounials of the Royal Institution, vol. i. 1802, edited by 
Dr. Thomai» Young and the author. This iii«toricai sketch of Gaivaimm 
is chiefly interestiag as strongly showing its rapid pr<^freM.] 

t Hie flist ftct relating to Hit aotkm of metali oa tiie •nimal offtat 
wm obMmd 1^ Sidzeri who hat dflfetlbed Ihi loiMttoii of iMte pio- 
dooedhjtiM eoBlMt oflMdaadiOfwirilli tetoaso^hihii ThMHt 
dmpUMn, pobliahod hi 1707. 

t [This diaeovwy WM made at Bokgna hj CUfanl hi 1780^ and a 
detafled account of it pivcn in a work expressly on lha niljeet} enHtiad 
Aloytii Qalvani de Viribwt FAectricitatU in Motu mtuculari Conrmen- 
tarim. Bononlee, 1791, in 4to. Volta, in Ms letter to Mr. CaTailo^ 
published in the PhIlo?ojihica] Transactions for 1793, making mention of 
it, says^ ** II conticut uoe de« pluij ixiiies et des plus snrprenan tc a decou- 
verteti et le germe de pluiieun autres 
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Galvttilim wtm at first limited in its application to 

orpranized bodies; but in conset^uence of the kljours 
and inventive genius of experimentalists, our contem- 
ponurieSy it has gradually become connected with ohe- 
nufltiy and gcsnml physics; it has affittded powerfhl 
instmrnmits of inTestigation ; and its operations hare 
been traced throughout the whole of nature. In paving 
an account of the progress of this science in its rtlation 
to the powers of the human mind, it will be sufficient 
to notice soch experimento only as have deriyed their 
origin from extensive theoretical news» and such dis- 
coveries as have led to accorate genefalizations of 
phflpnomena already known. 

Though the biatory ot" jralvanism cxtt luls only through 
the period of the last nine years, yet we may notice in 
it four epochs, each of them distinguished by the 
development of &cts variously inteieeting from their 
novdty and the extent of their application. 

2. Considering the first epoch as formed by the 
publication of the fundamental galvanic fact, we may 
derive the second from the discovery of the existence of 
inoigmie galvanism. Till the researches of Fabroni, 
Dr. Ash, and Cxeve, had been made known> the gal- 
vanic influence was generally considered as existing 
only in living animal organs. But the discovery of the 
peculiar action of metals in contact with each other 
upon water, demonstrated the production of it in 
arrangements composed wholly of dead matter, and laid 
the ftundalion for a new dass of investigadonfl^ which 
have intimately connected the galvanic phenomena 
w ith kuo\\Ti physical effects. 

3. The third epoch in the history of this science is 
perhaps the most brilliant and important It will long 
be celebrated on account of the discovery of the accumu* 
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lation of the galvanic influence. Before this discovery 
was made, the world, in general, beheld nothing deeply 
interesting in galvanism; it had no relations to the 

common \vants of life, and the facts that composed it 
were so obscnre as to he with difliculty coin]>r( hciulcd, 
except by long attention. The gaivamc battery of 
Volta, not only gratified the passion for novelty by the 
curious efiects it produced, but likewise awakened the 
love of investigation, by distinctly exhibiting the analog;y 
between galvanism and common electricity. 

4. The fonrth and last epoch in galvanism may be 
considered as founded upon the knowledge of the 
general connexion between the excitement of galvanic 
electricity and chemical changes; and it chiefly owes 
its existence to the labours of British experimentalnts.^ 
Tlu- discovery of the chemical jigencies of galvanism, 
has led to researches which finally cannot fail to eluci- 
date the philosophy of the imponderable or etherial 
fluids. The year that b past will long be dbtingoiabed 
in the history of science ; seldom has physical investi- 
gation been pursued with greater ardour, and if new 
facts, by being sometimes insulated, and incapable of 
application to established theories, have {)eq)lexed the 
pubUc mind, yet they have at the same time been 
useful to it, by producing a habit of rational and active 
scepticism which cannot fail to become at a future 
period the parent of truth. 

II. Of thb least complicated galvanic abbaxtqb-. 

MENTS, Le, siMrLt: cikclks. 

1. The conductors of electricity, which by their 
action on each other are capable of producing galvanic 

• »res9r8. Nicholson, Carlisle, Cniicluliank, and llenry, Dr. WoUaston, 
and M^or Ualdaoe. 
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effects, may be divided into two ckssea* The one 
class comprises what may be called perfect condactora, 

oxvdable metallic substances and charcoal. I'he other 
Includes less perfect conductors, which are cither oxy- 
dated fluids, or substances containing these fluids. 

The simplest galvanic aiiangements require for their 
formation at least two bodies of the same class, and one 
of a different class.* With regard to the form of their 
aggregation, they must be so disposed that the bodies of 
the one class may be in contact with each other, in one 
or more points, at the same time that they are connected 
in other distinct points with the body of the other cUuas. 

2. The ample galvanic circles may be divided into 
two general kinds. 

The first is formed by two different metallic sub- 
stances, or one metallic substance and charcoal, and a 
peculiar fluid. 

The second is composed by two different fluids and 
one metallic substance* 

Thus, if plates of zinc and of silver be made to touch 
in one point, and be connected together in other points 
by a portion of common water, or of muriatic acid, a 
galvanic simple circle is formed of the first order. 

Or if separate portions of nitric acid and of water 
moistening pieces of cloth or bibulous paper be brought 
in contact with each other on a small surface, at the 
same time that other surfaces of them arc coniu c tetl 
with different parts of a plate of tin, a circle of the 
second kind is composed-f 

3. All arrangements^ however, of two conductors of 
one class with one of the other are not capable of pro- 
ducing galvanic effects. And even the powers of acting 
circles are ver^^ different in degree. It appears, from 

♦ Voltau t P. 
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all the fiMStSy that chemical changes taking place in some 
of the parts of the cixcl^ aie intiiiuitely connected with 
its agendefl. For though « momentary circaktkm of 

galvanic influence may possibly be produced by the 
contact of three different bodies, yet it appears most 
likely that the permanent excitation of it depends upon 
a certain ezerdon of their chemical affinities. 

The most powerfiil cifdes of the first kmd aie tfaoae 
composed of two solids of diflerent degrees of ozydalu- 
lity, and of a tluid ca])able of oxydatiug at least one of 
the soUds.* And even in the teeblest circles, it ap]K ai-s 
that some chemical action is uniformly exerted either 
by oxydating fluidsy or sdkitionB of alkaline solphuxets. 

Thus, silver and gold do not appear to evohre galTanic 
influence when in contact with pure water, which is 
incapable of acting cheiiiically upon cither of the 
metals; though when they are connected with water 
holding in solution nitnc acid, or any other fluid 
decomposable by silver^ they form an actife galyanic 
anangementf 

And zinc and siWer, which act veiy little with pure 
water, form a powerful combination with water holding 
in solution atmospheric air, or acids. J 

The following table of some circles of the first kind, 
in which the different sabstances are anangedaoeordiiig 
to the order of their known galvanic powers^ will ahew 
how intimately chemical agencies are related to the 
production of galvanism. 

* Rttttr. t D. t Fabnml. 
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TABLE OF SOME GALVANIC CIBCLE8, 

COMP08BD OV TWO PBRVBCT COWBUCTOM AXB OXB 
IKFBBVBOT OOXDUCTOB. 



« 

I 

3 



cs 
•c 



o 

4> 



I. 



Zine. . . 

Ifoii* . . 

Tiu ... 

Lead . . 
("opper . 

Silfer. . 



■r. 
o 



o 



With jroM, charcoal, 
ailvcr, coi»p€r, tin, 
iron, mercury. 

gold, charcoal, 

silver, copper, tin. 

gold, uilver, 

cbarcoaL 



gold, silver. 
gold| ailTer. 

gold. 



.9 

K 

o 



Solutions of nitric 
acid in water, of 
mnrlatie add and 

sulphuric acid, &e. 
I WatiT Imldinrj in 
I solution oxy gen, at- 
Lmospharie afr, 
f Solution of nitrnte 
of silver and mer- 
cury, nitric acid, 
Laoetooi acid. 
Nitric acid * 



The most active single circles of the second order are 
those in which the two imperfect conductors are capable 
of exerting different chemical agencies on the perfect 

coiKiucior, at the sjiiik- time that they are possessed of 
power of action on each other. But even circles in 
which only one of the fluid parts is decomposable by 
the solid, are possessed of power of action. 

Thus, copper, alver, or lead, acts very powerfully 
when connected in the jiropcr order with solutions of 
alkaline snlphurets aiui of nitrous acid, both of which 
fluids are possessed of distinct chemical agencies upon 
them^t And copper or silver acts, though with less 
intensi^ when water, or a fluid which they are incapa- 
ble of decomposing, is safaetitttted for one of the chemical 
agents. 

* Dry nitre, caustic potash, and soda, arc conductors of galvanism, 
-when rendered fluid by a hi^h degree of lieat, but Uie evder <tf tiMfr eon*- 
netfag iwwen has aot yet Imcii aaoertained. 
tD. 

YOk IL K 
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The following Table contains some powerM galvanic 

coinbi nations of the second order, aiicinged according 
to the intensitj of their action. 



TABLE OF SOME GALVANIC CIRCLES, 

C01CP08BO OF Tiro IMrBEFBCT COKDtrCTOM AVO ONB 
FBRVBCT COHBtlGTOB. 





Copper . 


• 


SoluttoiM of alkaline 






i 

o 


1^ 




* 
>- 


Solationa of allnva 


Silver. . 


O 


sulpbuTGts capable 














s 


acid, oxygenattHl 


•5 


Letd . . 


C 

c 


of meting on fbc 


c 

c 


i 






;j 


mnfiatic add, &c. 




Tin . . . 




first three metals, 






J 






bnt not on the last 


U 


capable of acting 




Iron ■ • . 








S 




a 


on all the metabk 




Ziac . . . 


three. 




1 



4. Arrangements exactly similar in tlieir action to 

the oomiiion simple circles iuay be fonned by the com- 
bination of more than three conductor^:. For, that 
simple galvanic action may be evolved, nothing more is 
apparently requisite than that the points of contact 
between the solid and fluid parts of the circle^ i» e. the 
places where chemical affinities are liable to be exerted, 
be imiiicdiaitlv })rcserved ; at the sanu' time that those 
parts arc respectively homugeneal, or coiiiposed respec- 
tively of similar conductors. Thus, zinc, silver, iron, 
gold, and water, amngied in a circle in the order of 
their enumeration, produce action exactly analogous 
to zinc, gold, and water. And nitrons acid, water, 
solution of caustic pola.-h, sohiti(m of snlphnret of pot- 
ash, and silver, evolve galvanic influence in the same 

> 

I 
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maoner aa mtrous acid^ water, 8olatkNi of solpkuret of 
potash, and nlTer. 

It appears, however, that the length and surface of 
the coiitiiictin<i scries, coQiiectiiijj^ the exciting parts of 
the circle, are in some measure related to the quantity 
of action it is capahle of exhibiting. This law, indeed, 
applies only analogically to perfect conductors; thoagh, 
with regard to imperfect conductors, it is demonstrated 
experimentally; as in all cases, a diminution of power, 
in soTiu iiiikiiown ratio, is produced bv tlie increase of 
the length, or what is apparently cquivaient, the dimi- 
nution of the surface of the chain which they compose. 

The limits of surfece and of length of imperfect con- 
ductors in circles, connected with the maximum and 
minimum of their activity, have not yet been ascer- 
tained; and there is every reason to believe tliat tliev 
will be different in ditferent imperfect conductors. 
Thus, portions of sulphuric acid, and of nitrous acid, 
will probably form better conducting series than similar 
portions of water; and a chain of water will perhaps 
act better than an equal chain of water mixed with 
aicolioL 

Irom several experiments, it would appear that the 
powers of circles are particularly connected with the 
extension of the surfeces of contact between the perfect 
and imperfect conductors. 

5. All galvanic influence in single circles is mani- 
fested, either by its efficiency, in aflfcctinir living animal 
organs, forming part of the arrangement, or by its 
power in modifying the chemical changes produced by 
the action of the perfect on the imperfect conductors. 

A. When one part of a powerful single circle is made 
to touch the tongue at the same time that another fluid 
part is connected with some irritable surface of the 

k2 
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body, an acid taste is perceived^* w hich becomes less 
distinct in proportion as the contact is longer preserved. 
If the eye be made part of the galvamo circuit, a 

transient flash oi light is produced ai the moment the 
chain is completed,t and ^hen the bared cutis is 
employed, a faint })ainful sensation uniibnulj denotes 
the circulation of the galvanic influence. | 

But the most distinct mode of exhibiting, by animal 
excitement, the existence of siaall quantities of galvanic 
power, is by connecting ouv part of a circle with a 
nerve, and anotlicr part witli a uuiscle in a Hmb just 
separated from the body of a living animaL In this 
case, whenever the connexion of the arrangement is 
made, or broken, muscular contractions are producedf 

B. In galvanic simple circles, all primary chemical 
action taking place between the imperfect and perfect 
conductors, is apparently increaised by their galvanic 
arrangement Thus, zinc, which oxydates when in 
contact with common water alone, oxydates much more 
rapidly when forming a galvanic circle with it by means 
of gold, or other difficultly oxydable metals. J And tin 
aj)pears to dissolve faster in diluted nitric acid, when 
composing a circle with it by the contact of gold^ than 
when singly immersed in itY 

C. But increase of piimaiy chemical action is not 
the only inorganic effect of galvanism; for it changes 
the nature of this action in a very peculiar manner. 

In the oxy dating circle with common water, no per- 
ceptit)le quantity of hydrogen is evolved, as in common 
processes, but an alkaline substance appears to be 
formed at the point of contact of the least oxydable 

• Sulzcr, Voita, Robln&on, and other pliilosophers. 
t Mr. Hunter. t Humboldt. ^ Galvani. |[ Dr. Ath. 
5 Original £xperiment D. 
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perfect conductor with the fluid. Thos, if sine and 

silver be matle to form a circle with distilled water 
holding in sdhition air, for many wetks, a considerable 
oxydation of the ziac is perceived, without tiie percep- 
tible evolution of gas ; and the water at its point of 
contact with the sthrery becomes poflseaaed of the power 
of tinging green, red-cabbage-juice, and of rendering 
turbid solution of muriate of magnesia.* 

In the oxydating circles with acids, gas is not only 
evolved from the parts of the conductors undergoing 
chemical changej bat likewise from other parts, in 
which no primary action apparentlj exists. Thns^ 
when zinc and silver form a circle with diluted muriatic 
acid, gtis is not only given out at the point of contact 
of the acid with the zinc, but likewise at the place 
where it is connected with the silver. f And in the 
circle with tin, gold, and diluted nitric acid, nitrous gas 
Is evolved from the gold as well as from the tin.* 

D. Indeed, in all the single galvanic circles, when- 
ever an oxydating influence is exerted at one of the 
places of contact of tlie perfect and imj perfect conductors 
a de-oxydating action appears to be produced at the 
Other place. Thus, when iron, which oxidates rapidly 
when forming a circle with silver and conunon water^ is 
arranged vnth zinc and common water, it remains per- 
fectly unaltered whilst the zinc is ra])idly acted upon, 

6. The phajnomena exhibited by the simple galvanic 
circles cannot well be theorised upon, except in the 
laws of their connection with the more complicated and 
more striking galvanic Acts. And it is from the disco- 
very made by Volta of the accumulation of galvanism 
only, that the inHtniments of invcjstigation are derived, 
by meaus of which the nature of this intlueace is 
* Original Biqieriiiwiit D. t ]>r. WoUaston. 
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knowii, and its most i mp o rta nt agencies and iKelatioDs 
ascertained* 

III. Of oomausD oALVAjnc circlbs on GALYAmc 

BATTBBIBS. 

L The instromentB for accnmnlatipg galvanic power, 
or the compound galvanic circles axe composed of the 
same elements, as the simple circles; bat those elements 

are disposed in a diflPcrent ]^ower of acrgrrcpration. 

To compose a galvanic battery, series of the conduc- 
tors capable of forming simple circles are required. 
And they must be arranged in such a manner, diat the 
conductors of the same class in every series, may be in 
contact with ea«^ ol^r, in one or more pmnts, at the 
same time that they are respectively connected with 
different conductors ot" the other class, and one of them 
belonging to the same series, a r^^ular alternation being 
observed. 

Thus the ord^ of a compound galvanic circle is^ 

conductor of the one class, conductor of the other class, 
c(Hi(lnctor of the one class, conductor of the other 
clasd ; and so on in uniform arrangement. 

2. The compound galvanic circles, like the simple 
circles, may be divided into two general ordera The 
first order is composed of series containing at least two 
perfect conductors and one imperfect conductor. The 
second is formed by arranp-oinonts, consistinp^ of not 
less than two imperiect conductors, and one peilect 
conductor.* 

Thus if plates of zinc, and of silver, and pieces of 
cloth of the sise of the plates, moistened in water or 

diluted muriatic acid, be arranged m the order of zinc. 
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silver cloth; zinc, silver cloth, and ao on till twen^ 
series are perfectly connected, a galvanic battery is 
brined of the first class^* 

And if plates of copper and pieces of cloth, moist- 
ened, some ill water, and some in suluLion of sul- 
pbnrot ot potash, be connected in a circle, in the order 
of cc^iper, doth moistened m water, cloth moistened in 
solaticKi of snlphuret of potash, and so on, a compound 
oixcle will be formed of the second o]a8s.t 

The most ck<2;aiiL mode however of arranging the 
metals of oompuund circles with fluids, is by means of 
vessels^ compoeed of electrical non-couductors, such as 
glasses or boxes formed of baked wood 

Thos plates of copper and of shou^ paired, and sol* 
dered together at their edges, may be cemented into a 
trough composed of baked wood in regular alternation, 
and in such a manner as to leave a number of water- 
tight cells, corresponding to the number of series. And 
this arrangement will become active, when the cells are 
filled with water or saline solution^ and when the 
extreme metals are properly connected.} 

Or instead of the double plates, sinfrle plates of 
copper, and of horn, or glass, may be u^etl iu uiiiibrm 
alternation ; when the cells must be filled with difierent 
fluid chemical agents in the regular order so as to be 
connected together by pieces of moistened doth passing 
oyer the non-eondncting plates. § 

3. The substances most active in the single circles, 
are likewise most active in the compound circles. 
And in all cases, the relative quantities of galvanic 
power exhibited by equal numbers of difiSerent series, 
are, in some measure, proportional to the intensity 
of the peculiar primary chemical agencies, exerted by 

• Ydto. t B. t Mr. Croickaluuik. ^ Connt Rnmfonl. 
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the diifcreut conductors composing them on each 
other.* 

Thus in the battery with zinc and silver, there is no 
action produced when the connecdDg fluid is pure 
WBter, or water holding in solution hydrogen gas^ which 
is incapable of acting on the metals.t The action is 

greater with water saturated with oxygenj than with 
water saturated witli atniu.->{)hcric air, and it is most 
intense, when solution of red sulphate of iron> or of 
nitric acid is employed* 

The tables of the single circles will indicate with the 
necessary change of arrangement, the relative powers of 
the series forming eoiiipound circles. 

4. Provided those places of contact in the compound 
circle m which the peculiar chemical changes are pro- 
duced, remain pennanent^ the parts of the series which 
do not immediately act chemically on each other, may 
be connected together in the same manner as in single 
circles, bv means of conductors of their own class, with- 
out any alteration of the nature of the agencies. 

Thus, in the circle with copper, iroo, and water, the 
copper and iron may be connected by means of a wire 
of bra8B.$ And even the continuity of the portions of 
water may be broken by moist muscular fibre, and other 
imperfect coiuluctors, without any other change in the 
effect than a diminution of its intensity.]! 

5. The galvanic influence when highly accumulated, 
produces very extraordinaiy chemical and physical 
efiects, and in many of its appearances, assumes the pre- 
dse form of common electricity* 

A. When in a powerful battery (one for instance 
containing two hundred series) the communication, alter 

* D. t D. t Major Haldane. ^ Volta. 

I PfiUr, Bitter, and D. 
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being broke iij is again rendered complete, by the contact 
of two perfect conductors, a flash, or spark of light is 
perceived, analogous to that produced by electricity.* 
This spark, or flash, when the battery is most powerful, 
is capable of passing through a considerable stratum of 
air,t and of inflaming mixtures of oxygen and hydro- 
gen.J When the metallic substances by which it is 
transmitted, are of very small volume, it is possessed of 
the power of igniting them ; and of making them enter 
into combustion when in contact with oxygen«§ 

B. The galvanic influence, when highly concentrated, 
affects the electrometer, and is capable oiP communicat- 
ing weak charges to the condenser and Leydeii phial. || 
La all compound circles of the first class, the most oxyd- 
able part of the metallic plates evolves the influence, 
appearing as positive electricity, whilst the least oxyd- 
able part seems negatively electrified. In the second 
class of circles, it is, however, probable that this order 
is reversed. 

C. Galvanism, moderately accumulated, affects the 
animal organs In nearly the same manner as common 
electricity. When the hiunan body is made part of the 
circle, a shock is perceived at the moment of connection; 

and a subsc(jiient numbness, and tingling sensation, 
denote the permanent circulation of the influence. 

The fresh limbs of irogs undergo violent contractions, 
and soon lose their excitability, when placed in the 
circuit of a powerflil batteiy. 

D. The chemical actions taking place in the com- 
pound galvanic circle, present curious aiul most unex- 
ampled appearances; all the primary changes taking 

* Volta. t Mr. Cniickshank. X Mr. 11. iioulton. 

^ i'rof^son Tromsdorf, Bockman, Fourcroy, and Vauquelin. 
I Mr. Ntehdm and Mr. Cni^tfhaBk. 

k5 



Digitized by Gopgle 



OVTLl^ES OF A 



place in the different conductors being increased^ and 
modified to a great extent. 

In all batteries of the first order^ when the councction 
as completed, changes take place which denote the 
evolution of influences capable of pxoducang firom com- 
mon water, oxygen and hydrogen, acid and alkali, in 
diiibrent parts of every series.* 

Thus in the battery with series of zinc plates, silver 
wires, and common water, oxyde of adnc is formed on ail 
the plates of zinc, whilst hydrogen is produced firom 
the flilyer mtes, and if the water in them be tinged ,witb 
fed-cabbage-juice it becomes green.t 

And in the battery with silver, gold, and weak nitric 
acid, the silver is dissolved, while the acid becomes 
green, and slowly evolves gas at its points of contact 
with the gold. 

The *4">mWl agencies exerted in the compound 
batteries of the first class can be best observed by tlie 
substitulioii of single metallic wires for some of the 
double plates ; for in this case, the changes taking 
place in the series with wires wLU be exactly analogous 
to those produced in the series with plates ; silver wad 
all the more ozjdaUe metal% oxydating in water in 
the usual place ; and gold, and platina evolving oxygen 
gas. 

ThuS| when into two small glass tubes connected by 
moist animal suhstaoce, and filled with distilled watec» 
two gold wires are introduced firom a Isige haUary, in 
the proper order, oxygen is produced in one qnantity 

of water, and hydrogen in the other, nearly iu the pro* 
portions in which they are required to form water by 
combustion, t And if the process be continued for 

* Mr. NicholMn, Hr. CvUtle, and Mr. Cnuckshank. t i>. 

X Original aperiment, B. 
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flome tiiiie» the appantosy being exposed to the atmo- 
sphere, tbe water in tbe oxygen giving tube, will beoome 

impregnated with an iicid (apparently the nitrous); 
whilst that in the hydrogen giving tube, will be found 
to hold in solution an alkali^ which in certain cases 
has appeared to be fixed.* 

From Bome expnimentB it would appear probable 
that the quantities of hydrogen produced in series are 
small, and tlie quantities of alkali ^reat, in pn iportion as 
the surfaces of contact of the least oxydable metals with 
the water axe more extended.! 

All the oxygenated solutions of bodies possessing less 
affini^ for oxygen than nascent hydrogen, are de- 
composed when exposed to the action of the metal oc- 
cupying the place of the least oxydable part of a sehcs 
in the compound ciicle. 

Thus sulphur may be produced from sulphuric acid ; 
and ooi^>erand other metals precipitated in the metallic 
form, from their sol^nts.^ 

But little knowledge has yet been obtained concern- 
ing the chcniical changes taking place in the second 
class of galvanic batteries. But from several experi- 
ments it would appear that they are materially dijfierent 
in the laws of their production from tikose talcing place 
in the first daas. 

Thus, when single metallic wires wiili water, arc- 
placed as series in powerful batteries of the second 
onler^ the iniluence producing oxygen seems to be 
transmitted by the pointy in the place oi that part of the 

* Mr. Cmickshank, tbe Ant diieov«rer of the galvanic production of 
ilkali, Mippoies fhftt tbe hydrogen wire in eommon water geoenrto 
nmmooine. Perhnpe the pretence of mnaenhur fibre ie conneeted with 
the production of fbaed allcali in tbe expetiment deteiled in the text. 

t Oii^Bal experiment, D. 

I Ifr. Kleboleon^ Mr. Cmldnihanli, and Mr. Heniy, Jun. 
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plate which was apparently incapable of undergoing 
oxydatiun ; whilst the hydrogen is evolved ixom thjit 
point wheie the ozydating part of the primary series 
appeared to exist* 

6. The agency of the galvanic influence^ which occa- 
sions chemical change s, and communicates electrical 
changes, is probably, in some measure, distinct from 
that agency which produces sparks^ and the combustion 
of bodies. 

The one appeara» (all other circumstances being 
similar) to have little relation to surface in compound 

circles, but to be great in some unknown proportion, as 
the series increase in number. T!ie intensity of the 
other seems to be as much connected with tlic ex- 
tension of the sur&ces of the series as with their 
number* 

Thus, though eight series composed of plates of zinc 

and copper about ten inehes square, and of elotlis of die 
same size moistened in duluted muriatic acid, give 
sparks so vivid as to bum iron wire, yet the shocks 
diey produce are hardly sensible, and the chemical 
changes indistinctf Whilst twenty-four series of 
rimilar plates and cloths about two inches square, which 
occaiiiou shucks and chemical agencies more than three 
times as intense, proiUice no Hi^ht whatever. 

7. A measure of the intensity of power in galvanic 
batteries producing chemical changes^ may be de- 
rived 0N>m the quantity of g98 it is capable of evolving 
from vfater, in a given time ; or from the length of 
the liuid cliain through which it can be transmitted, l or 
the same law of diminution ot activity that was applied, 
to single circles in 4, page 200, may be likewise applied 
to compound circles. 

* D. t Fourcroyj Vauquelia| and Iluuiaud. 
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The general relative process of different batteries may 
be ascertained by connecting them in opposite orders, 
so as to produce a certain annihilation oi power. For 
iu all cases when the most oxydabie part of one series is 
placed oppodte to the same part of another equal 
series, and connected with it by means of a fluid, the 
galramc agencies of both are destroyed. 

IV. Geneeal observations. 

1. From a valuable experiment lately made,* it ap- 
pears, that when common electricity passed through 

water, \)\ means of two very fine metallic points, che- 
mical clianp;es are effected by it similar to those occa- 
sioned by the transmission of the galvanic inflaence.t 

This fact singly, presents a very strong analogy be- 
tween galvanism and the common electrical influence, 
and when compared with the other ^icts, it amounts 
almost to a demuiistration of their identiiy. 

On this theory, it seems most probable, that all the 
different galvanic phsenomona owe their existence to 
electricity, excited in the different arrangements, in 
consequence of a change in the electrical capacity of 
such of their parts as undergo chemical action, this 
action being always connected with alterations in the 
surlaces, and conducting powers ol bodies. 

The circulation of electricity in galvanic circles, lacom 

* By Dr. Wolbitm. 

t iHr, Wonatton fonnd tint a lolutkm of sulphate of copper nd of 
eoRoaive ioliiUmate was eaeh deeompoaed by eoaomoa deeiricity, In the 
Mme mauaer aa by Vollaie Che metal wbb precipitated at the wire 
oomeeted with the negatiTeeondiietor: — in the instance of water, the 
leealt waa diflferent ; from the extremity of each wire the two con^tita- 
cnt gases were dise^aged. — ^Vlde Exporiments on the Chemical PhmIuc- 
tfon and Agency of Electricity. By WiUiam Hyde Wollaston, M.D., 
F.B.S. Phil. Tnutf. 1801.] 
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its difi^erent points of ezcitadojo, appears to depend, in 
A great measoie, upon certain ^Mcific attiactiona for it 
in the difletent condactors inexplicable by known laws. 
3. Li an cases of simple galvanic action, negative and 

positive electricity, as respectively exhibited hy their 
de-oxydatmg and oxydating influences, after being once 
excited, can be multij^ied by a certain aitematioii of 
soHace* 

Thus in the circle with sine, iion^ and water^ in which 
as was stated in page 202, the zinc oxydates, and the 

iron uiidcrtroes no change, if a drop of water be placed 
on an insulated surface of the iron, it will rapidly act 
upon it, and produce red oxyde, — whereas if it be 
placed upon a similar sur&ce of the zinc» it will undeigo 
veiy little change.* 

This &ct will, perhaps, in some measure lead to an 
explanation of the cause of the accuiuulaiion of gal- 
vanism in compound circles. For in those circles, all 
the series are so constituted, as to produce a perfect 
correspondence between the electricily excited by che- 
mical action, and that produced by compensation* 

3. The general chemical agency of galvanism is at 
present involved in ohscurity. The facts relating to the 
separate production of oxygen and hydrogen, acid and 
alkali in water, are totallv incommensurable with the 
usually received theory of chemistry; and even sup- 
posing that the appearance of the two last of these 
bodies is connected with the presence of atmosplicric 
air, it is still cxtrenioly difficnlt to conceive, that either 
oxygen or hydrogen can pass in an invisible form 
through fluids or organic bodies. Common physical 
ftcts present us with no anslogies sufficiently distinct 
to enable us to reason on this subject ; and the elud- 

♦ D. 
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dation of it will probably be connected with perfectly 
new views ot corpiiscular action. 

• 4. The appearance of galvanic action in living matter^ 
particularly in the torpedinal oigan» leads to curious 
inquiries. Chemical changes are perpetually going on 
in different parts of the firing body, whidi must be 
connected with alterations in tlicir states of electricity ; 
and or'2;anized beings contiiin all the substances re- 
quisite for forming species of galvanic arrangements. 

These cizcumstanoes, oombined with the Acts of the 
production of muscular contraction by common gal« 
vanism, and the dependence of irritability and even 
life, upon the oxygenation of the blood, afford analo- 
gies wiiich render it probable that some phsenomena 
similar to the galvanic phaBnomena, may be connected 
with muscular action, and other processes of life. 
Tliese analogies^ however, at present are very indistinct, 
and they ought to be considmd of importance only so 
far as they are likely to lead to the discovery of new 
instruments of experimental investigation. 

Conclusion, 

The relations of calvanism to the different branches 
of physical science, arc too numerous and too extensive 
to be connected with the preceding details ; and, al- 
though in their in&ncy, they will probably long con- 
stitute favourite subjects of investigation amongst phi- 
losophers, and become the sonrces of useful discoveries. 

The new galvanic facts have given an iuipurtancc to 
the science, suMcient to render it interesting, and to 
ensure its progression. The spirit of in(iulry is 
awakened in the public mind, and it is difficult to 
imagine the existence of causes capable of destroying it 
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Galvanism may be pursued with greater facility than 
most of the other sciences; it requires less time and 
attention ; it is less connected with manual labour, and 
the moat delicate organs are the best fitted icxF pedbrm- 
ing and observing its operations. 

The instniments required for galvanic experiments 
are few, and but little expensive. A battery composed 
of plates^ when arranged with chemical agentt^ 
forms a combination sufficiently powerful for common 
cxperiment& With such a combination> a few glass 
tubes having gold wires attached to them, and a gold- 
leat electrometer, investigations may be juirsued, and 
principles discovered, extending not alone to the laws 
of dead matter, but even to those of animated nature. 

If to render galvanism a popular study, it were ne- 
cessaiy to prove that it bore relations to the common 
wants of life, it might be stated that its agencies ore 
likely at some period to become useful in the arts. 
When our galvanic instruments arc rendered more j)er- 
fect and more powerful, we may be readily enabled by 
means of them to procure the pure metals ; and to form 
immediately from their elements, nitrous acid and 
alkali The connexion of galvanism with philosophical 
medicine is evident. Tiie electrical miluence in its 
common form, as excited by niacliiues, \u\s been em- 
ployed with advantage in the cures of diseases ; in a new 
state of existence it may possibly be possessed of greater 
and of different powers. 

But independent of the immediate applications of 
this science, much is to be hoped troui the elucidations 
which it may bestow upon the kindred sciences. And 
a discovery so important as to excite our astonishment 
cannot &ii of becoming at some period useful to society. 
All the different branches of human knowledge are 
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intimatelj connected together^ and theoictical impnyve- 
meiits cannot well be made in them without being ac- 
companied by practical advantages. 

RoTAL bfsnruTioNf 
SepL \y 180L 



AK ACJCOUNT OF A METHOD OF CONSTRUCTING SIMPLE 
AND COMPOUND GALVANIC COMBINATIONS WITHOUT 
THE USE OF METALLIC SUBSTANCES BY MEANS OF 
CHARCOAL AND Dil l EllENT FLUIDS.* 

1. If a piece of well burned charcoal be brouglit in 
contac t at one of its surfaces with a poriiou of water, 
and at another suriace with a portion of nitric acid, a 
ample galvanic combination will be formed when the 
two fluids are connected together. And the powers of 
it are demonstrated by its agencies upon the timbs of 
liragSj and by its cticcts upon the organs of sense. 

2. A compound galvanic combi nation, or a galvanic 
battery may be formed fxom a niunbcr of series^ com- 
posed of the same substances^ but in this case the fluid 
elements of each series not being immediately in con- 
tact, must be connected with similar elements in other 
series in an order of regular alternation, such as water, 
charcoal, acid; water, charcoal, acid; and so on. 

^ The best mode that has yet occurred of construct- 
ing galyanic batteries with charcoal is by means of a 
number of glasses which are made to contain alternately 
nitrous acid and water, and which are connected in 
pairs by means of moistened cloth. The pieces of 

[* From Jomnalfl ui tbe Royal Institatioiii vol. i.j 
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charcoal used are made from very dense wood, such as 

box or lignum vitae ; and in this case the fluids wiB 
not penetrate into them by capillary attraction much 
beyond the places of their primary coatacL Their 
fonas are those of arcs^ so that each piece connects to- 
gether two glasses ; but in instances where single pieces 
of charcoal cannot be obtained of the proper shape, two 
long and thin slips may be fastened together by silk, so 
as to form the angle necessary to their insertion into the 
glasses. 

4. Twenty series in a battery of this kind produce 
sensible but feeble shocks^ and when a single metallic 
series with a gold wire and two glasses of water is sub* 

stituted for one of the primar^^ series, hydrogen is given 
out by the metallic point in the glass of \vater in the 
place of the acid, whilst oxygen is evolved from the point 
in the other glass. 

5« In the galvanic batteriea with charcoal, sulphuiic 
acid may be substituted for nitric acid ; and solution of 
sulphuret of potash for the water ; withoiU any material 
alteration in the nature of the agency; the soiulion of 
the sulphuret indeed seems, in some measure, to increase 
its intensity, and combinations containing this substance, 
dense chaiooal and concentrated nitric acid, appear to 
be superior in activity to similar combinations contain- 
ing coj>])er, and the same fluid elements, and to be 
nearly equal to those composed of zinc, silver and water. 

January 0, 1803. 
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AN ACCOUNT OP SOME EXPEBIMENTS 0\ GALVANIC 
ELECTRICITT MADS IN TH£ TH£AT&£ OF THS BOYAL 
INSTITUTION.* 

The apparatus employed in these experiments was com- 
posed of 150 series of plates of copper and zinc of 
4 inches sqiiaiej and 60 of silver and zinc of the same 
aze. The metals were carefully cemented into fom 
boxes of wood in regular order^ afler the manner adopted 
by Mr. Cniickslumk, and the fluid made use of was water 
combined with about -^^^ part of its weight of nitric 
acid.t 

The shock taken from the batteries in combinatian by 
the moistened hands, was not so powerfhl but that it 
could be received without any permanently disagreeable 

effects. Charges were readily commuiiicated by lucans 
of them to coated jars, and to a battery; but in this 
case the effects produced by the electrici^ were much 
less distinct than in the case of immediate application. 

When the drcuit in the batteries was completed by 
means of small knobs of brass, the spark perceived was 
of a dazzling brightnest^^ and ni a])parent diameter at 

[* From Jonniali of tiie Royal Iiutitation, vol. L] 

i Kems. Tan Vanim et PfidP, Jotmal de Chemle par Van Moiu^ 

bsve attempted to show, that adds are less efficacious than muriate of 
aounonia in Incrca.sing tbe power of the pUe; bat their experiments 
were made with cloths, a case fn which thes«erip8cnn only he constructed 
f lowly, and wherr, when they nrc numerous, the acid in those first 
fonnt-d must be wholly or in a great measure decomposed, before the 
last are put together. To those who have been accu-i um iI tn nperato 
with boxcsj Lrouglis, or glasses in which the communication by tiu- tiuiUs 
is very speedily effected, there can be no doubt of the superiority of the 
idtiic and mvziatie aeldi over mwlate of ammonia, mniiate of aoda, 
and ilie allmliea in faoioaaiiig all the ionalble galvanto 
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least ^ of an inch. It was pevoeiTed only at the mo- 
ment of the contact of the mctak, and it was accompanied . 
by a noise or snap. 

When instead of the metals^ pieces of well-burned 
charcoal were employed, the spaik was still larger and 
of a vivid whiteness^ an evident combusdon was pro- 
dacedy the charcoal remained red hot for some time 
after the contact and threw off bright corruscations. 

Four inches of steel wire -^4^7 ''^^ inch in diameter, 
on being placed in the circuit became intensely white 
hot at the point of connection, and burnt with great 
vividness being at the same time red throughout the 
whole of their extent 

Tin, lead, and zinc, in thin shavings were fused and 
burnt at their ])oiiits of contaet in the circ\iit, with a 
vivid light and with a loud hissing noise. Zinc gave a 
blue flame^.tin a purplish^ and lead a yellow flame violet 
at the circumference* 

When copper leaf was employed it instandy inflamed 
at the edges with a green light and vivid spark?, and 
became red hot throughout the whole of its diameter 
when it did uot exceed four inches. 

Silver leaf gave a vivid light, white in the centre and 
green towards the outline, with red sparks or corrus' 
cations. Platina in thin slips, when made to complete 
the circuit, hecamc wliite hot, and en it red into fusion, 
and gave scintillations at the edges ; but whetlier any 
part was converted into oxyde could not be accurately 
determined. 

When gold lea^ attadied by gum-water to white 
paper was burnt by the spark, the light was of a bright 

yellow and the noise comparative!}' loud; the gold wiis 
converted into an oxyde of a purplisli brown colour, 
which flnnly adhered to the paper, and by regulating 



Digitized by Gopgle 



GALVANIC EIBCTRICITY. 



213 



the course of the spaxk hy means of the communicating 
wire, letters and figures were traced by the combustion, 
which appeared semi-tniiisparent when exposed to the 
light. 

When the galvaao-electric s])ark was taken by means 
of twu pieces of charcoal partially covered with cotton, 
the cotton was readily inilamed ; whether in its simple 
state) or sprinkled over with resm or sulphur. 

Fulminating mercury and gunpowder were deflagrated 
by means of the communication of charcoal; and hydro- 
^en aiul tlie cv>iir[>()iiii{l luilaiumable gases, were readily 
made to bum when dimply in contact with the atmos- 
phere and to detonate when mixed with oxygen. 

A few only of these results have any claim to origi* 
naliiy. On the phenomena of the combustion of bodies 
by galvanism we have been ahneady furnished with many 
striking expeiimcnts, by our own comuryinen, and by 
the German and PVench philoso|)]iers. And after the 
path is once discovered lu researches of this kind, to 
pursue it requires but little ability or exertion* An 
account of common ftcts;, under new circumstancesy par- 
ticularly when they are accompanied by striking pheno- 
mena, can however never be wholly useless ; and it 
sometimes gives a novel interest to the subject, and 
tends to awaken curiosity. 
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ACCOUNT OF SOME BXPERIMSN1S MADE IN TBE LA- 
BORATOBT OF THE BOTAL INSTITUTION, RELATING TO 
THE AGENCIES OF GALVANIC ELECTRICmr, IN PRO* 
BUCING HEAT, AND IN EFFECTING CHANOBB IN DIP* 

FSBENT FLUID SUBSTANCES.* 

L It has been shown, by a very interesting experi- 
ment made in France, by Messra. Fourcroy, V'au- 
quelin, and Thenard, that the power of galvanic bat* 
teiies, containing laige plates^ to ignite metallic sub- 
stances^ is much greater than that of batteries composed 
of an equal nuniber of small plates ; though their 
agencies upon water^ and upon the human body^ are 
nearly the same. 

In examining the circumstances of the action of a 
galvanic apparatus or trough, constructed in the Royal 
Institution, and containing twenty series of plates of 
copper and ziuc, square, and thirteen inches in dia- 
meter, I observed that the same relations between 
chemical agency and the production of galvanic dec* 
tricity existed as in other cases. When pure water was 
used for filling the cells* the spailua^ as well as the 
shocks, were extremely indistinct, and the battery was 
capable of igniting only about a lino of iron wire of 
of an inch in diameter. With solution of muriate 
of soda it acted better, and dilute nitric acid was still 
more efficacious. With this last substance* it became 
capable of rendering wlute-hot three inches of the 

* [From Jouruais of the Royal Iu«titutiou, vul. i.j 
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icon wire of ^kis* causing two inches to enter into 

fusion. 

In conqparing the effects produced by a soladon of 
nitrous acid, of the specific gravity of 1*4, in about 

sixty parts of water, with those occasioned by a cuuccu- 
trated solution of carbonate of poUitili, the acid was 
found to produce by much tiie greater intensity of 
action, which can hardly be ascribed to any other cause 
than its chemical agency ; for, with regard to conduct- 
ing power, it appeared very much inferior to the other 
solution. There is every reason to believe, that with 
pure water, that is, water dej)rivcd of air and of all 
saline substauccs, no action would be produced in this 
batteiy. I was unable to ascertain the fact by direct 
experiment; but I found repeatedly, that a pile, com- 
2)osed of thirty-six series of square plates of copper and 
zinc, of five inches in diameter, lost its activity in 
nitrogen and hydrogen gases, in about two days; and it 
was constantly restored by common air, and rendered 
more intense by oxygen gas. 

2. When the galvanic battery, with laige plates, was 
in full action, it was found that a wire of ^ of an inch 
in diameter, and two feet long, when placed in the cir- 
cuit, was rendered so hot, as to cause a small tiiianiity 
of water, brought in contact with it, speedily to boiL 
It continued warm for many minutes; and by an 
occasional momentary interruption and completion of 
the circle, the heat was permanently kept up. When 
three or four inches of the wire of ^ere placed in 
any [)art of the conducting chain, they continued 
red-hot for more than a minute ; and by a suce«j>^ion of 
interruptions and contacts^ they were kept partially 
ignited for five or six minutes. When that part of the 
communicating chain containing the sniall wire waa 
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introduced into a small quanti^ of ether, alcohol, or 
oil, the fluid soon became warm; and olive oil, the 
only substance that was exposed for a sufficient time« 
was made to boiL 

3. Wlien two small pieces of well-buraed charcoal, or 
a piece of charcoal and a metallic wire, were niado to 
complete the circle in water^ vivid sparks were per- 
ceived^ gas was given out very plentifiillj^ and the 
points of the charcoal appeared red-hot in the fluid for 
some time after the contact was made ; and as long as 
this appearance existed, elastic fluid was generated 
with the noise of ebullition. The sensible phenomena 
were nearly the same with the volatile and fixed oils, 
ether, and alcohol; and by means of charcoal, the 
spark could be produced in concentrated and snl- 
phuric and nitric acids, which are amongst the best of 
the less perfect conductors. 

The gases produced from different fluids bj the 
galvano-electric spark were examined; and as the re- 
sults were, in most cases, what might have been expected 
flrom theory, the analysis of them was not made vrith 
Teiy minute attention. 

When water was acted upon by sparks lakea from 
two pieces of charcoal, the clastic products evolved were 
about ^ of carbonic acid, -I of oxygen, and the remain- 
der an inflammable gas, which required a little more 
than half its volume of oxygen for its combustion. 
With gold and charcoal, the gold being on ^e sine 
side, the gas produced Mj^pcarcd to be chiefly a mixture 
of oxygen and hydrogen, fur it diminished by the 
electric spark. 

The gas disengaged from alcohol, the spark being 
taken by gold connected vrith the zinc end and char- 
coal, was a mixture of nearly two parts of oxygen and 
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eleven parts of inflammable gas, which appeared to be 
hght hydro-carbonate. 

Ether, in the same method of operating, gave four 
parts of oxygen and twelve parts of inflammable gas. 

From sulphuric acid, oxy'2;eii, and hydrogen, were 
produced very rapidly, (die oxygen being more than 
sufficient for the saturation of the hydrogen by combus- 
tion,) and the acid became blue. 

The gas from nitric acid detonated with great vio- 
lence by the electric spark, and the residuum was oxjgen 
mixed wit}) a little nitrogen. 

The products from the acids, there is every reason to 
believe, were evolved chiefly in consequence of the 
decomposition of the water they contained. And, in 
operating upon these substances^ as well as upon pure 
water, a portion of the elastic fluid must have been pro- 
duced at the time of the silent transmission of the elec- 
tricity, during the momentary interru})tiun of contact. 
The apparent ignition of the charcoal iu the diflerent 
fluids depended probably, in some measure, upon its 
being surrounded at the moment of contact by globules 
of gas, which prevented the heat, produced at the points 
of it, from being rapidly curried off by the fluid. 

When the spark was taken by means of iron wires, in 
phosphorus rendered fluid by heat under a stratum of 
water, permanent gas was produced &om it, but in 
a quantity too small to be examined, after a process 
that continued an hour. I purpose to repeat the ex* 
periment with conductors of dry chiucual. 

4. VVlieu gold wires, cuunected with the ends of the 
battery, were made to act upon fluids in the common 
method of communication, being placed at a distance 
from each other, it was found that the nqpidity of the 
eyolution of the gases was much more influenced by the 

VOL. IL J* 
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condactiiig power of the fluid than it is in common 
cases with small plates. In compaxing the action of a 
hatteiy of twenty plates» of five inches in diameter^ 
upon sulphuric add^ nitric acid, and yarious saline 

solutions, with that of the large battery, it was observed 
in several expcrimeuts, that the gas was discugaged 
much &ster and in larger quantities firom the wires 
connected with the laige plates, whilst the action of the 
two anangementB upon water was nearly the same. 
This fact, comhined with other fiictB of the same kind, 
seems to show, that the quantity of electricity excited 
in the arrangements with large surfaces is much greater 
than that produced in those with small surfaces ; and 
that it is capable of pasaing with &cility through the 
more perfect conductors^ whilst from the nature of the 
series, its circulation is impeded, comparatively, to a 
great extent, hy imperfect conductors ; a conjecture 
that has been already formed by different philosophers. 

6* As the great quantity of electricity made to circu- 
late through perfect conductors, bj means of the larger 
apparatoSy increases their affinity for oxygen more 
perhaps than any known agent, and as charcoal by 
means of it can be rendered white-hot, and kept in 
constant combustion in oxygen gas or atmospherical 
air, I Uiought of tijing the effects of the electrical igni- 
tion of tills substance upon muriatic acid gas confined 
oyer mercury. 

This experiment was made by means of a small glass 
tube,* contain infr a slip of platina hennc tic ally sealed 
into ity and having a piece of charcoal attached to its 
lower extremity: the communication was efiected by 
means of iron wires, and the charcoal was made wlute- 
hot bj successiye contacts continued lor nearij two 

* PlM* a description of thia apjMUtitus, see p. 2^. 



Digitized by Gopgle 



OALYANIC EUBCTBICITY. 



219 



hours. At the end of this time, the muriatic acid gas 
had diminished a very little in volume; much wliite 
matter had formed upon the charcoal^ which was not 
sensibly consumed. When the gas was examined^ 
duree-fonrths of it were instantly absorbed by water, and 
the remainder proved to be inflammable. The process 
was repeated three times; and when the spark was 
most vivid, a white cloud was always perceived at the 
moment of its production. I am inchned to attribute 
thb phaenomenon, and the othor phaenomena, to the 
deoomposition of the water held in solution in the gas, 
by the charcoal and the mercury adhering to it ; and 
the white matter was probably muriate of mercury. 
The acid gases are rapidly abaoi bed by charcoal ; and 
tliis substance, when well made, will take up more than 
thir^ times its volume of muriatic acid gas; so that in 
the process of ignition a part of the water and of the 
acid must have been acted upon in a very condensed 
state. 

The want of success in this experiment, the results of 
which are very similar to tliotfc obtained by Mr. Wm. 
Heniy in his triab with common electricity, prevented 
me fit>m carrying on the process upon fluoric acid gas, 
as I had at first intended. Many of the compound 
gases that are decomposable by heated charcoal, might 
probably, however, be analysed in a very simple luanncr, 
by means of the ignition of that substance by galvanic 
electridly; and this mode of operating may be conve- 
niently applied^ for ascertaining the rebtions of the 
affinities of diaicoal for the constituent parts of com-* 
pound gases at very high temperatures. 



l2 
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Apparatus for tcJdng the ffohnmic'ekctrical tpark injluidt 

and aeriform ra&ifoncet. 

ng. 1. Fig. 2. 




Fi<r. 1 represents the apparatus for taking the spark 
in fluids. A is a tube graduated to grain measures. 
C is a platina wire, hermetically sealed into the tube ; 
and having a piece of charcoal attached to its top. B is 

a moveable platina wire, having charcoal at its top ; the 
effect is produced by making the contact between the 
pieces of charcoal. In cases when the fluids arc very 
imperfect oonductois^ the wires may be used without 
the charooaL 

Fig. 2 represents the appsiatus for taking the spark 

in giii^cs; it is used over mercury. A and B arc the 
communicating platina wires, to which the charcoal is 
fi»tened ; and C is the graduated tube in which the gaa 
is acted upon. 
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OB8BRVATIOK8 BELATIXG TO THB PBOGftBSS OF 

GALVANISM. 

L Oh the Jbrmation of galvanic combinatiom, composed 

FlrofeflBor Aldini, the nephew of Galrani, who is al 

present t in this country, has hitely confirmed the expe- 
rioients made long ago by Galvani, Volu, and other 
philofiopliersy on the production of muscular contrac- 
doDfl^ hj combinations, consisting wholly of animal Mib- 
atanoei^ and has elucidated them by varioua new ftcta 

Gakaai prepared a frog in such a manner, that the 
le^ were connected with the body, only by means of 
tlic sciatic nerve ; and, in this case, he found the nuis- 
cular contractions were produced by bringing, the 
muscles of the legs in contact with tlMS upper part of 
the bodj.t 

Volta having laid bare the muscles and the sdaitie 

nerve in the leg of a frog, just separated from the 
animal, introduced them into two vessels filled with 
water, in such a manner, that the muscles were in one 
glassy and the nerve in the other. He connected the 
two glaases together, by means of his fingers, when a 
strong contraction was produced in the ]imb»§ 

Humboldt placed the prepared leg of a very vivacious 
frog upon a plate of glass, and made a contact between 
the sciatic nerve and the muscles of the foot, by means 
of a piece of muscular fiesL At the moment of the 

* [From Journals of the Boyal Institution, vol. i.] 

♦ [The year 1803.] 

I Hnnboldl rar k Oahtnlfme, p. 27. 
S Idem, S9. 
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contact, miiscuhir action was proiluccd, aud the experi- 
ment was often repeated with success.* 

M. Aldini has succeeded in causing contractions in 
the limbs of fioga^ not only bj bringing their nerves 
and mnsdea in contact witk each other, in Yarioos 
modes; bat likewise by placing them in contact milh 
the nerves and muscles of warm blooded animals, just 
deprived of life. One of the most singular of his expe- 
riments is this : of two persons, one holds in hie hand 
the lower muscles of the prepared leg of a finog» and the 
other touff^es with his fingen the apinal nudrrow of an 
animal recently killed. The onooenpied hands are 
moistened and connected with each other; and the 
sciatic nerve in the leg of the frog brought in contact 
with the bared abdominal muscles of the warm blooded 
animal. At the moment that the drcint ia completed, 
the leg is agitated by strong contractiona 

In conaideringthefle coriona phenomena, it ia dificnlt 
to account for them, except on the supposition that the 
animal organs arc capable, in certain cases, of exerting 
an action similar to the metals, in producing galvanic 
electricity. Living animal bodies, in fact, follow the 
metals and charcoal, in the order of their oondoeting 
powers; they are composed of sotids and flindsb And 
all the analogies on the subject tend to prove, that to 
form pralvanic combinations, notliing more is necessary 
than the contact of solids and fluids possessed of ditieren t 
condnctiDg powers, and capable of exerting chemical 
action on each other. 

In most cases when mnscolar oontmctions are pro- 
duced in animal organs, by the application of an arc 
composed of two nu'tals, or of one metal and ditiercnt 
fluids^ the circulation of the electricity must be supposed 

* Op. dt. p. ai. 
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to be determined by the action of the inorganic bodies. 
But when contnctions are produced by a angle metal, 
oomnmnicating with the oigant only by means of 

water,* the impulse of the electricity must be attributed 
to the animal substauced; for the arc In in^; simple, and 
connected at both ends with a similar body, forms only 
one element of a galvanic combination, of which water 
is the efficient part: and it can act only as a simple 
oondactor. 

The galvanic power of the artificial animal combina- 
tions is evidently much fccljlcr, and more transient than 
that of the metallic combinations ; silver and zinc wiU 
piodaoe contractions in the muscles of a frog, many 
hours after it has been insensible to the action of either 
<tf tbem separately used : and, in this case, the efSeet 

must be attributed simply to the passage of electricity 
throuc^b the irrital)lc parts; for it takes place whatever 
be tiie iorm of the appli c ation. 

The mosdes and nerves appear to be the exciting 
parts in animal combinations ; but as yet their states of 
electricity, with regard to each other, have not been 
ascertained. By connecting a very feeble metallic 
combination, wiih a very active animal combination, in 
two different ways, this problem might perhaps be 
solved. for instance^ with an are of copper and 

* The cxpcriimpt on <be pradselioii of mweiiUr eontiMlion, bj flie 
•ppUottloii of two portions of water, In oonteet wHli a tiagle nelil, fd 
the ofgEDi, wie first mede by Galvsnl, and confirmed by Aldlni sad 
HnmboUt. One fbnn of it, wbieh I bm seversl thnes employed witti 
sneeess, it this : A pleee of rilver U made to connect together two 
flasaefly filled with pare water ; the leg of a frog, deprived of the skin, Is 
iu<*pondo<1 by a bit of silk, in such a way, that the foot and sciatic nerve 
are nearly jiarallel. On brfnf^ng the roTi<5cIe in contact with one portion 
of wat^r. uikI the nerve in contact with the other, the contraction of the 
limb is produced.— >D. 
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«ly&t, coiniiected mdi the xaesnreB and muflcles in the leg 
of a frog, by means of water, the action was much 
stronger "when the copper was opposite to the muscle 
and the silver to the nerve, than in the contrary case ; 
it would be reasonable to conclude, that the nerve bore 
the same relation to the muscle, as the copper to the 
silyer, L e. that the nerve was positiTe, and the mnsck 
negative, &c. 

All the facts that we are acquainted with on the sub- 
ject of galvanism, tend to show, that the same substances 
which form simple galvanic combinations, are capable 
when multiplied and alternated with each other, in the 
proper oider, of forming a galvanic battery* In conse- 
quence, however, of the soscepdhility of animal sub- 
stances to undergo a chan^, from the feebleness of the 
action and other circiuiistauccs in the experiment just 
detailed, it is probable that it will be very difficult, if 
not impossible, to accumulate galvanic diectrieity by 
means of arrangements composed of sepsrate animal 
organs.* In' the torpedo and gymnotus electricus the 
electrical instrument is composed wholly of living mku- 
ter, and its activity is reUited to the general functions of 
the animal ; and, in the case of the galvanic action of 
the nerves and muscles of frogs, and wann blood animals^ 
die effect is apparaiUy connected with some remains of 

* I tttempted to fbrm a galranie bAttery, by cnmMiiliiy in a dide, 
19011 a plate of glass, tan newly ptepared Icga of ftogs, having Hie 
aoktic nerre bared, wftli drape itf wafer; tn the order of msaele, nerte^ 
water; rnnaole, nerve, water, and to on : bot no eAset waa piodaeed on 
breaking or oompleting the drale, by meana of one of the lege. When 
a silver wire was made part of the circle, contractiona were produced in 
the two legs which were nearest to it ; bat the others were not affected. 

n little nitrons acid was added to the water, four of the If^'U 
contracted stroiig^iy ^vith the silver; bttt there waa no effect with the 
animal substances alone. D* 
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vitalily; which, as tfam is great reason to helieve, 
would disappear during the time reqciiied &r fomuii^ 
compound ^vaiuc oomhinations. 

JL On ^ produeHm of muieular eontradunu in the parts 

vf warm blooded animals after death by the galvanic 
battery, 

MM. VasBali, Eandi, Giulio, and Rosi*» have suc- 
ceeded in prodnciD^ oontractions in die heart, and 

arterial system, alter deatii by connecting them with the 
galvanic battery. 

Tiie heart loses its susceptibiii^ to the galvanic stimu- 
lus very soon, but the muscular organs, which are con- 
nected with laige neryes, are capable of beiog made to 
contract lor a considerable tune. 

By connecting the pectoral muscles with one end of the 
pile, and the par vagum and sympathetic ner\ es, at their 
origin^ with the other end, very power^ muscular action 
was produced, which caused the phaenomena of expiration 
and inspiration. On the first view of these experiments^ 
we might be induced to hope for some advantages in the 
application of galvanism in cases of drowning, Strang- 
linp;, &c. ; but when we consider that the contractions 
of most of the muscles, the actions of which are sub- 
servient to the vital fimctions, cannot be produced with* 
out laying bare large nerves, our expectations will be 
but moderate. 

nL On the yahank hatUrie$f said to be fanned tn^out 
^ueeof humid eubetanees. 

In No. 9, An. xi. of the Magasine £ncydbp6daque, 
may be found the following notice: — 
'^M. Guyton, Member of the National Institute, and 

* J oumal de Pby»iqae, Veademiaire, An. xi. 

L 5 
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Dimtor of llie Pdljteelmie Si^ool, read^ «t tlie aittkig 

of the National Iiiistitute of the 25 th of August, a memoir 
entitled, ^llcsearches on the pile of Volta' by MM. 
Hachette et Desormes^ Professor in the Polytechnic 
School 

^* This memoir contaute two important Acts which 
may he expected to throw great light on the theory of 

electricity. The first is, that an insuhitod electrical 
column, or Nairiie's electrical machine, insulated, that 
is^ communicating only with the air, is an incxhaustihle 
source of electricity. -The second &ct ii^ thai many 
diy snd solid snfaetaiicei^ such m pan stiioh» and the 
powder of different sslts^ are capaUe of occupying the 
place of the moist substance, in the pile of Volta, and 
that, in consequence of this discovery, piles may be 
formed by the mere arrangement of different substances, 
which are constimt and almost anchangeable socaoes of 
the electrical fluid.** 

It is peihaps impossible to joAgb aeciinrtely of the 
nature of the researches of the French experimenterB, 
from this short notice; and, consequently, any observa- 
tions upon it may not be found applicable to the memoir 
itselC It may not, however, be improper to si^ that 
diere is little nofelty in the first Ihct It is a naw ex- 
piessioa of a troth that has been generally admitted. 

The second fiicc, the formation of a pile by means of 
solid substances only, ^vould, if confirincc], be of the 
greatest importance in its applications to the tiieory and 
operations of galvanic electricity : it would afford a 
strong argument in favour of Volta^s theory of electro^ 
maiknt; and it would go ftr to orertom the opint<m 
concerning the dependence of thB drcolatioQ of gstwiie 
electricity upon chemical changes. 

For the purpose of examiiung the results of MM. 
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Hachette and Desormes, I constructed a pile with double 
plates of c<^[^r and zinc and diy powder of starch in 
its oomnum state; bat when twelve plates had been 
put together, in the order of copper, sine, starch, and 
so on, no efiects whatever were perceived ; the pile pn^ 
duccd no sensation on tlic tongue, and wires from it 
occasioned no change in water. 

On exposing a pile, composed of copper, xinc and 
BUaxh, to the atmosphere in a oold and damp cellar; 
it was found, after two dajs^ to have gained a slight 
degree of power. On moistening the starch with a very 
little water, the electrical action was evolved in the same 
manner i\s when wet cloths were enqtloyed. The phae- 
nomena were the same with a combination of silver and 
anc; no effects could be produced fiom pore dij starch. 

It would be unjust to decide concerning the expeii* 
mentB of the French chemists till the details of diem 
are made known; — but, in the present state of oiu* in- 
formation, we should be inclined to conceive that they 
have been misled by the moisture, which, in common 
cases, adhere very strongly to starch, and to many saline 
substances. 

On ezposiDg a quantity of powdered starch to the 
gentle heat of a sand-bath, a conriderable quantity of 

water was s])ccddy driven oil from it. When dry, it v, as 
a }>erfect non-conductor of electricity; but after being 
exposed for some hours to a moist atmosphere, it bad 
gained a slight degree of conducting power; which as 
diere is every reason to suppose, was the consequence 
of its having absorbed moisture. The salts, the earthy 
substances and the solid vegetable productions, when in 
a state of perfect dryncf^s, are, in fact, all non-conductors, 
and as such it appears impossible that they can tbrm 
elements of the pile of Vplta. They have, however. 
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many of them a very strong attraction for moisture, and 
in common cases when exposed to the atmosphere are 
always more or less saturated with it. I found, some 
time ago, that powdered steatite^ from the Lixaid in 
Cornwall, in its erode state, when used in a smdl 
galvanic pile, instead of the moiatened clodi, enabled it 
to act, though very feebly. But after having been gently 
heated, it was no lon«^er capable of producing the effect; 
and in its dry state, a single stratum of it, when placed 
in any part of an active pile, was sufficient to destroy 
the circulation of the electridtj. 



AN ACCOUNT OF A NBW EUDIOMSTBB.* 

The dependence of the health and exibtence of animals 
upon a peculiar state of the atmosphere, and the reh^ 
ttOQS of this state to processes connected with the meet 
essential wants of life, have given interest and import* 
ance to inquiries concerning the composition uoA jgf^ 
perties of atmospheric air. 

This clastic fluid has been Ioult known to consist 
chieiiy ot oxygen and nitrogen, mingled together, or 
in a state of loose combination, and holding in solution 
water. 

A variety of processes have been instituted with the 

view of determining the relative proportions of the two 
gases, but most of them have involved sources of in- 
accuracy; and lately all, except two, (the slow com- 
bustion of phosphorus and the action of hquid suU 
phurets) have been generally abandoned. 

Both phosphorus and solution of sulphuret of potash 

* [From Jonnali of the Royal lattltiitloii, vol. LJ 
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absorl) the whole of the oxygen of atmospheric air at 
common temperatures, and they do not materially alter 
the volume, or the properties of the residual uitrogeu ; 
bat their operation k extremely alow; and in many 
oases it is difficult to ascertain the period at which the 
experiment is completed. 

I have lately employed as an cudiometrical substance, 
the solution of errcen muriate, or sulphate of iron im- 
pregnated with nitrous gas ; and i iiave found that it is 
in some zespects superior to many of the bodies here** 
tofoze used, as it rapidly condenses oxygen without 
actuig upon nitrogen, and requires Ibr its application 
only a veiy simple and a very portable apparatus. 

This fluid is made by transmittiug nitrous gas through 
green muriate, or sulphate of iron, dissolved to satu* 
ration in water.* As the gas is absorbed, the solution 
becomes of a deep olive brown, and when the impreg- 
nation is completed^ it appears opaque, and almost 
black. The process is apparcndy owing to a ample 
elective attraction ; in no case is the gas decomposed; 
and under the exhausted receiver it assumes its elastic 
form, leaving the fluid with which it was combined 
unaltered in its propertiest 

The instruments necessary fi>r ascertaimng the com- 
position of the atmosphere, by means of impregnated 
solutions, consist simply of a smaH graduated tube, 
having its capacity divided into one hundred parts, and 
greatest at the open end ; and of a vessel for containing 
the fluid. 

The tube after being filled with the air to be ex- 
amined, is introduced into the solution ; and that the 

action may be more rapid, gently moved from a per- 

• Dr. Priestley first observed this process ; for a particular account of 
it Me " Beteurchet, Chemical and PiiUoioj[»iacal/' Be». 1. Div, iv. Sect. vii. 
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pendicular towards a horizontal position. L'lidcr tliese 
circumstances the air is rapidly diminished: and in 
coDwquence of tke dark colour of the fluid, it is easy to 
disooTer the quantity of absorption. In a few xninuteB 
the experiment is completed, and the whole of the 
oxygen condensed by the nitrous gis in the solntkm in 
the form of nitrous acid 

In all endiometriral procesi»es with impregnated so- 
lutioDSy Ulc period at which the diminution ia at a 
stand must be accurately observed; for shortly after 
this periodf the volume of the residna] begins to be 
a litde increased, end, after some hourly it will oAea 
fill a space greater by several of the hundred parts on 
the seale ol the tube than that which it occupied at the 
maximum of absorption. This circumstance depends 
upon the slow decomposidon of the nitrous acid (fanned 
during the experiment) by the green oxyde of iron, and 
the consequent productum of a small quantity of aerifinm 
fluid (chieiBy nitrons gss*) which having no affinity for 
the red muriate, or sulphate of iron ])roduccd, is gra«p 
dually evolved, and mingled with the residual ni- 
trogen. 

The impregnated soludon with green muriate is more 
rapid in its opeiatioQ than the solution with green sul* 
phate. In cases where these salts cannot be obtiuiied 

in a state of absolute purity, the common or mixed sul- 
phate of iron may be em])loyed. One cubic inch of 
moderately strong impregnated solution is capable of 
absorbing five or six cubic inches of oxygen, in common 

* Hie doeompofitioii of nltioag add by loltitioiii eoDtaioing oxjde of 
limaiitimiiil]iramofoxjdatiimis«T«*yooBiplexpf^^ Tho gui 
oatji/t darfaig itf oonrertion into nd ozyde, not only deoompotei the 
add, but Ukewlie acts upon the wttor of the eolation ; and ammoniac ii 
aometlmes formed, and amall porttooa of nltNoi osyde and at troga i 
ovotvid wttii ttaa attroof gat. 
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processes; but the sanie quantity must never be eai- 
ployed for more than one experiment. 

A number of comparative experiments^ made on the 
ooOBtilntwn of the atmo^lim al tbe Hot^iMU% Btiato)» 
m July, Aaguit, and Septambary 1000^ mA. plMM- 
plioniai solphureta of alkidiaa, and impregnated ao- 
lution, demonstrated the accuracy of the processes in 
which the last siil)stanoe was properly employed. The 
diminutions given by tbe suipburets were indeed always 
gfaater bj a minute qnaiitity than those produeod bj 
phoepboniSy and impiegiiated aoiiitioiia; but the leaaon 
of ikSm will ba ohvioiia to thoaa who have Btudied the 
subject of eudiometry. In no instance was it found 
that 100 parts in voKmic of air contained more than 
2 1 of oxygen ; and the variations connected with dif- 
ferent winds^ and different states of temperature, 
moiatnie, &c were too small^ and too often related to 
accidental cireumatancefly to be accurately noticed. 

Ih analysing the atmoi^here in different places by 
means of impregnated solutions, T have never been able 
to ascertain any notable difference in the projtortions 
of its constituent parts. Air, collected on tlic sea at 
the mouth of the Severn, on October the Sd, 1800, 
which must have passed over much of the Adantic, as 
Ihe wind was blowing strong from the west, was firand 
to contain 21 per cent, of ox3^gcn in volume ; and this 
was nearly the proportion in air sent from the coast of 
Guinea to Dr. Beddoes, by two surgeons of Liverpool. 

If we compare these results with tbe results gained 
more than twenty years ago by Mr. Cavendi^ fiom 
experiments on the composition of atmospherical air 
made at London and Kensington ; considering at the 
same time the researches of Berthollet in Egypt and at 
Pans^ and those of Marti in Spain» we shall find strong 
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reasons for concluding, that the atmosphere in all places 
exposed to the influence of the winilsi, contains very 
nearly the same proportions of oxygen and nitrogen, 
a circumstance of great importance ; for hj teaching us 
that the different degrees of salnbrity of air do not 
depend npon differences in the qoantities of its prin- 
cipal constitaent part, it ought to induce us to insdtnte 
researches concerning the different substances capable of 
being dissolved or suspended in air, which are noxious 
to the human constitution ; particularly as an accurate 
knowledge of their nature and properties would pro- 
bably enable us in a great measure to guard agpinst^ or 
destroy tbeir banefbl eiisetB* 



ACCOUNT OF A SIMPLE METHOD OF ESTIMATING THE 
CHANGES OF VOLUME PRODUCBD IN GASES, BY ALTER- 
ATIONS OF TEMPERATURE, AND OF ATMOSPHBBIC 
PRESSURE, IN THE COUBSB OF CHBMICAL SXPBRI- 
MENTS.* 

It often happens that changes of atmospherical pressure 
and of temperature take place in the course ot experi- 
ments on elastic fluids ; and a knowledge of the alter- 
ations they produce in their Tolume, Is fiwftntiftl to the 
precision ai^ accuracy of the results. 

In cases where chemical changes are produced, it is 
impossible to prain this knowledge by direct observation ; 
and, in con ideriug quantities, it is always useful to 
estiioate the volumes of gases at some standard fixed 
upon in measures of the baxometerf and thermometer. 

* [From Jouruals of the Royal lustitiitioa, toI. 1.J 
t lAYOisier'f EJemenUj p. 406, 2d edit. 
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It is demonstrated by very accurate experiments, that 

the Tolumes of elastic fluids are inversely as the weights 
compressing them. Aiul, consequently, the changes 
produced upon gaseSy by known ciiaugea in the atmo* 
spherical pressure» may be ascertained in a verj easy 
manner. With regard to the effects of temperatore^ 
however^ it is much more difficult to form a just esti« 
mation by means of general laws ; for though the ex- 
celleut experiments of Mr. Dalton^* and those of Mr. 

« MaaehMter Hemoin, vol. t. p.fie9» Mr. Dalton njs, **! bave re- 
peatedly ibood Hiat 1000 parte of emnmon air, of tlia tempeiatiire dt^^ 
common preMore, eqiand to 1321 parts in the manometer ; to which 

adding 4 parts for the corresponding^ pxpanston of gla^^, we hare 825 
parts Increase npon 1000 from 5o° to '212° ; or from 157° of tlic thermo- 
metric scale. As for flu ox])ansion of the intennediate dt-grees, which 
Col. Roi's experimeuts show to lu; a slowly diniinlfhing one above tlie 
temperature of 0?°, but which Dc Morveau's, on tlie contrary, show to 
be a rapuiiy mcreasiiuf oue iu the liigher part of the scale ; I am obliged 
to aSow that Col. Roi b right, though it makes, in some degree, against 
an liypotlMeto I have ftmiied rdattTO to the eubjcct ; bot he hae, oer- 
taiaty, lumerer, made the dlmlantioii too great from ISf* downwardey 
oiriii^ to hie not peredving that he aetoally deetroyed a portton of the 
elastic fluid he waa operatiBg upon (aqueona Tapoor) In redudagite tem^ 
perature eo low : if his air had been prerloasly dried by sulphuric acid, 
Ac he would not Lave found so remarlcahle a diminution below 72°. My 
experiments give for 77i* above 66°, 107 parts ; for the next 77 J° only 
U>A parts : and the oxpaiision in every part of the scale seems to be a 
gradually dimininhiT!"? one in ascfudine. 

**The results oi several experiini lit ^ made upon hydrogenous gas, ox y* 
genous gas, carbonic acid gas, and nitrous gas, which were all the kinds 
I tried| agreed with those on common air, not only in the total expan- 
iioii, bat In the gndnal dhnbntion of It In aseeodfaig : the small dllfer- 
enoea obeerred never exceeded 6 or 8 parts on the whole 8ft5 : and 
diffineoces to this amount will take place in common air, when not 
freed from aqoeooa Taponr, whldi waa the eltnation of all my fretitiooa 
gases. 

Upon the whole, therefore, I see no enfllelent reason why we may not 

conclude, that ulJ elastic flu'uh laider the same pressttre expand equally 
by A«a<~and that/or any given expamion qf mercury, the anreepmdr' 
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Gay Liissac show that all the different elastic fluids, taken 
at equal teiu{)eraturcs, expand equally by heat, yet we are 
still ignorant of the precise expansion for incrementB of 
single degrees^ or of the mode in which the fim of 
cxpaoBion is affected by dilferenoe of presBiife; or bj 
its relatioiis to aqueous vapour ortmcombined moisture. 

The calculations on this subject are consequently 
laborious and couiplicatctl ; but it is very easy to avoid 
them, by recurring to comparative observatioiub which 
may be obtained in a very simple manner, by means of 
the manometer. 

By making a given quantity of m, m contact with 
water at a known temperature and pressure, a standard, 
it is easy, in ascertaining the changes produced in it by 
alterations in the temperature and pressure^ to deter* 
mine, by the rule of proportion, the changes that have 
been produced from the same causes in any other 
quantity of gas submitted to chemical operations ; or to 
ascertain what would be its volume at the mean height 
of the barometer and thermometer. 

In forming the manometer for the purpose of com- 
parison, a glass tube may be used, about sixteen inchea 
long, and one-third of an inch in diameter, dosed at 
one end, and curved in sucb a manner that its open 
leg is parallel to its closed end, and nearly three inches 
long. Its capacity is determined, and its closed leg is 
graduated so as to form a scale of 200 parts. The 
standard volume of air is confined in it by a column of 
water fourlndies long ; and the hei|^t of this water is 

^ tKpMtlan ^ air It pr^p9rHmu^ i omtiking {mi, <A« %Air tkt 

Mr. Giqr IMMW mdcM tiw 4l]««irtioii to be 11^ 
3^ and 212°, which gives for each d^gfw betwMD tliMe pointi ^ 8tt 
AnaaLde Chimls^ No. ISS. p. 137. 
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kept equal in both legs at the different time of obeei^ 
yatioiif by means of a glaaa tabe» moveable in a per- 
fimited cork inserted in the open end, and capable of 

elevatiiig Llie column of water in k at least an inch and 
half. 

In employing the standard of comparison, for cor- 
recting the results of operations in which portions of 
elastic fluids are either absorbed or generated^ it is only 
necestoy to recur to the state of it at the beginning 

and end of the experiment. Thus, let n equal the 
quantity of elaistie fluid existincr after the experiment; 
m the ¥olame of the standard air before the experiment ; 
and V the volnme after, as expressed in the scale of 200 
parts. 

Then ^^sx which is the volume the residual gas 

examined would occuj)y at such temperatures and pres* 
sures as had been at any time denoted upon the scale. 

From the latest e^qperiments that have been made,* 
it is probable that at the same temperatures, and under 
the same pressnreSy equal yolumes of the different 
dsstic fluids^ in contact with water contain the same 
quantity of aqueous vapour ; so that iu cases when the 
ga^cs examined in the com])ara{ive observations are 
equally saturated with water, the results must be per- 
fectly accurate as to the relation of yolume to the state 
of moisture; and» even supposing a difference in the 
degree of saturation, the error ariring from this drcum- 
stance, at common temperatures, would be so small as 
to be inappreciable. 

• Those of B««Hwe ud De Iao, wdA MM. Deioniiet and ClooMSit. 
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OBSBBYATIONS ON biFFBBBNT MBTBODS OF OBTAINING 

GALLIC ACID.« 

1. Thb discoYerer of the gallic acid, die celebrated 

Schcclc, first obtained it by suffering a solution of gall- 
nuts to remain long exposed to the atnios])herc.t In 
this case the acid is deposited upoa the sides of the 
vessel containing the solution^ and upon the film which 
farms on the sai&ce ; but its crystals are of a greyish 
brown colour, being mixed with other vegetable matter. 

2. When heat is very slowly applied to powdered gall- 
nuts, gallic acid sublimes from them, a part of wliii h, 
when the process is conducted with great care, appears 
in the form of small white cyrstals. This method was 
first employed by M. I>eyeuz.| I have often success- 
fully made use of it When the operation is carried on 
in close vessels, the first product is a limpid fluid which 
has the properties of a solution of gallic acid in water, 
and of which the last portions are pale yellow. The 
crystals form in that part of the vessel where the heat is 
just sufficient to cause water to boil ; and the process 
must be stopped at the moment that the crystals in the 
lower part of the vessel begin to melt. An Argand's 
lamp may be ust d for the application of the heat; and 
the silver still for caustic alkali is a proper apparatus for 
making the sublimation in. I have found it expedient 
to separate some tannin fifom the gaU-nuts, by iniiising 
them in a small quantity of water before Ihey are used* 

*■ [i rr III .roumulfl of the Royal InstitaUon, vol. i.J 
t Fourcroy, Comioi&6auces ChcmiqueS| torn. vii. p. 181. 
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as, in this case, there is le§B empjfreiunatic oil produced 
in the distiUatioiL 

3. M. Fiedler has lately lecommeDded a new process 

for preparing the gallic acid. He mixes together a 
solution of gall-nuts and pure aluniine : and he asserts 
that after some time, the alumine combines with the 
tBDnln and extractlTC matter of the gall-nuts ; and that 
the gallic acid remains fiee in the solution, and may be 
obtained in crystals by evaporation.* I have employed 
M. Fiedler's method, but without bavin jj; perfect success 
in the results. After pure alumine and solution of gall- 
nuts had been suffered to remain together in the cold 
for three days, being very often agitated, the filtrated 
liquor still ga?e a slight precipitate with gelatine. I 
boiled about half an ounce of pure alumine with a solu- 
tion obtained from nearly an ounce of gall-nuts ; and in 
tliis case, I obtained a liquor which gave no precipitate 
with a solution of isinglass, or muriate of tin; so that it 
contained neither tannin nor extractive matter; but it 
likewise contained very little gallic acid, for it gave only 
a very fiunt olive colour when mixed with a solution of 
oxygenated sulphate of iron. By boiling together a 
^ohition of prall-nuts and carbonate of alumine, procured 
iroui tlie dccoin[K>sition oi alum by carbonate of potash, 
I obtained a clear liquor free from tannin and extractive 
matter, which gave a deep black colour with oxygenated 
sulphate of iron, and which, when evaporated, furnished 
a mass of white opaque crystals. I suspect, however, 
that these crystals contained a.s ^vell as gallic acid a 
small portion of aiuniiue ; for, when dissolved in distilled 
water, they rendered cloudy a solution of ammoniac 

4. I have Ibund that when carbonate of barytes is 
boiled for some time with a solution of gall-nuts it affoids 

* Tail Moos'ti Jouraal, torn. i. p. 86. 
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a blue green liquor ; which appean fijom the common 
tests to contain neither tannin nor extract When 
diluted sulphuric add is dropped into the green liquor, 
it becomes turbid, sulphate of barytes is deposited ; and 
after fikraLion if the saturation ot the earth be perfect, a 
colourless solution of gallic acid apparently pure is 
obtained. All the alkaline eaiths^ whether pure or 
saturated with carbonic add, have^ as I have found by 
▼arioos experiments, a strong attraction for taonin ; and 
are capable of combining with a certain quantity of 
extractive matter. When a pure earth is made to act 
upon gallic acid, a salt is procured having au excess of 
base and nearly insoluble; but when an earth, combined 
with carbonic acid, is exposed to the agency of gallic 
add, the salt formed is soluble, and seems to possess an 
excess of acid. 

5. Of the ditfcrent methods tliat have been described, 
that of M. Deyeux is undoubtedly the most siuipje and 
least expensiTe. The process with carbonate of barytes 
may, however, be sometimes employed with advantage^ 
particularly in cases where gall-nuts have been previously 
lixiviated for the purpose of obtaining tannin. Tliere 
is very little mucilage in gall-nuts; in cases, however, 
when the presence of it ia suspected in gallic acid, this 
substance may be freed from it, by being dissolved in 
aloahol and then eviqiorated. When in processes of 
evaporation, gallic acid is coloured, by being partially 
decomposed, a clear solution of it may be again obtained, 
by means of ether, which dissolves the acid without 
acting upon the colouring matter. This last process is, 
however, too expensive to be commonly a])[)Ued; and 
it should be used only in cases when an add is required 
absolutely pure. 
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AN ACCOUNT OF A METHOD OF OBTAINmO THE SALT9 
OF IBOH AT TH£ MINIMUM OF OXTDATION.* 

The Bolpliate, muriate^ and acetate of iron at th&s 
minimum of ozjdation^ may be obtained in a veiy easy 
manner, bj means of the artificial sulphnret of iron* 
When artificial sulphurct of iron is acted upon by mu- 
riatic acid or sulphuric acid in a state of dilution, or 
acetous acid, the sulphuretted hydrogen gas, disengaged 
during the process of solution, {^events any hyperoxy- 
genated salt from being formed by the action of the 
atmosphere ; and a clear fluid in all cases of a shade 
of green, is obtained, which when freed by heat from 
any sulphuretted hydrogen dissoK ed in it, gives a per- 
tectiy white precipitate with the alkaline prussiates, and 
is not found to alter the colour of solution of galls. 

To form the least oxygenated nitrate of iron by 
means of the artificial sulphuret, an acid of a specific 
gravity not greater than 1*12 must be used, and the 
solution must be made without the assistance of heat. 
After having been £reed from sulphuretted iiydrogen by 
being boiled for a minute or two, and then filtrated, it 
is found similar in its colour and physical properties 
to the weakest solutions of die other oxygenated salts. 

When the sulphate and muriate of iron, at the 
mininuini of oxydation, arc obtained in the solid form 
by evaporation from their solutions, they appear in 
legular crystals, which in each salt are a different shade 
of a Tery pale green colour ; their tastes are ezaetly 

[* From Jonnmli of tbe Bflgral Inttitattoa, toL i.] 



Digitized by Gopgle 



240 



OF A METHOD OF 



flimilary being astringenty and leaving in the month the 
aenaation of aweetneaa. 

The leaat oxygenated nitrate of iron cannot eaaily be 

proem ed pure in the crystallized state, for when the 
solution of it is heated for any lencrth of time, a new 
arraDgemeut of its pxincipies takes piace ; portions of 
the acid and of the water of the aolution arc decou^ 
posed; inconsequence of which ammoniac is formed, 
and an oxygenated nitrate of iron with excess of base is 
deposited. 

Am<)rip;st the salts of iron at the minimum of nxyda- 
tion, I have found the muriate the most convenicut for 
exhibiting the experiments of Proust^ and in eudiome- 
trical processes with nitrous gas (page 230)* It b more 
aoluble in water than the sulphate, and veiy much more 
soluble in alcohol 



AN ACCOUITT OF A METHOD OF COPYING PAINTINQS 
0PON QIASS, AND OF HAKINO PBOFILBS BT TBB 
AOBNCT OF LIGHT UPON THB NITRATE OF 8ILYBB. 
INVENTED BY T. WBDOEWOOD, ESQ. WITH OBSERVA- 
TIONS BY H. DAVY.* 

White paper, or white leather, moistened with aolution 
of nitrate of silTer, undergoes no change when kept in 

a dark place; but on being exposed to the daylight it 
speedily changes coiour, and after passing thruugii dit- 
lereut shades of grey and brown, becomes at kngth 
nearly black. 

* IVnm flM Jounito of tiM B117BI lullttttloii, voL L] 



Digitized by 



COPYING PAINTllfQS ON GLASS, ETC. 



241 



The alterations of colour take place more speedily in 
proportion as the light is more intense. In the direct 
beams of the sasn, two or three minutes are sufficient to 
produce the full effect In the shade, several hours ate 

required, and light transmitted through different coloured 
glasses acts upon it wiiii differcut degrees of intensity. 
Thus, it is found that red ravs, or the common sun- 
beams passed through red glass have Texy little action 
upon it; yellow and green are more efficacious, but 
blue and violet light produce the most decided and 
poweHul efPectB.* 

The consideration of these facts enables us readilv to 
understand the method by which the outlines or shades 
of paintings on glass may be copied, or profiles of 
figiues procured by the agency of light when a white 
sur&ce covered with a solution of nitrate of silver is 
placed behind a painting on glass exposed to the solar 
light ; the rays transmitted through the ditlcreutly 

* The facts above-mentioned are analogous to those observed long ago 
bj Sebedcif •nd eonfimied hj Senditer. Sdwde fimnd tint bi flM piiio 
matic ■pectrnm, the elfeet prodoieed by the red nyi upon mnviate ol 
iOYer wMveiyfUntaadfcuody tobeperedTed; wbllit it iraa speedily 
blackened by the violet lay*. Senebier etates that the time feqnifed to 
bladcea muriate of eilver by the red nys ip twenty minutes, by the 
orange twelve, by the yellow five minutes and thirty seconds, by the 
j^rreen thirty-seven seconds, by the blue twenty-nine seconds, and by the 
violet only fifU'f'n ^^oconds.— Senebier sur la lumicre, vol. iii. p. 11)9. 

^me new cxptriments have been lately ina lo iu relation to this sub- 
ject, in conhefiut'iice of the discovrries of Dr. Ilcrschel concerning the 
Invisible, heat-inakinf; rays existiiij_' in the solar beams, by Messrs. Ritter 
and Bockman iu Gennuny , luui iir. Wullastou In England. 

It has been ascertained, by experiments upon the prismatic spectrum, 
that no effects are produced upon the mnrlate of aflver by the Invlsibie 
heat-making rays wUdi exbt on the red dde, and which are least refran- 
gible, titoa^ it is poweiftiUy and distinctly aflSeeted In a space beyond 
«]ie vlidet rays, oat of the fisible bovndary.— See Annalen der Fhysll( 
S is b enten , Band 637. 

TOU U, M 
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painted Bur&ces, produce distinct tints of huofm or 

i)lack, sensibly ditFering in intensity according to the 
shades of the picture, and where the light is unaltered 
the colour of tlie nitrate becomes deepest* 

When the shadow of any figure is thrown upon the 
prepared sor&o^ the part concealed by it remains 
white, and the other parts speedily become dark. 

For copying paintings on glass tlic sohition should be 
applied on leather; and in this case it is more readily 
acted upon tiian when paper is used. 

After the colour has been once fixed upon the leather 
or paper, it cannot be removed by the application of 
water, or water and soap, and it is in a high degree 
permanent. 

The copy of a painting, or the ])rofile immediately 
after being taken^ must be kept in an obscure place. It 
may indeed be examined in the shade, but in this case 
the exposure should be only for a few minutes; by the 
light of candles or lamps, as coomionly employed, it is 
not commonly affected. 

No aLltukpts that have been made to prevent the 
uncoloured parts of the copy, or proiile, irom being 
acted upon by light, have as yet been successful. They 
have been covered with a thin coating of fine vamiah, 
but this has not destroyed their susceptibility of becom- 
ing coloured ; and even after repeated washings, -utli- 
cient of the active part of the saline matter wiD stiil 
adhere to the white parts of the leather or paper^ to 
cause them to become dark when exposed to the nys 
of the son. 

Besides the applications of this method of copying 

that have been just mentioned, there are iiuuiv tjthers. 
And it will be useful for making delineations of all such 
objects as are possessed of a texture partly opaque an^ 
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partly transparent Hie woody fibres of leaves and the 
wiiigii oi. insects, may be pretty accurately repreMated 
by means of it ; and in this cufle^ it is only neceasaiy to 
cftuse the direct solar light to pass through them and to 
fecexwe the shadows upon prepared leather. 

When the solar ra^s are passed iln uuprh a print and 
thrown upon prepared paper, the unsiiacied parts are 
slowly copied ; but the lights transmitted by the shaded 
parts are seldom so definite as to form a distinct resem- 
Uanee of them, by ptodncing di£Berent intensities of 
colour. 

The images formed hy means of a camera obscura, 
have been found too faint to produce in any moderate 
time an effect upon the nitrate of silver. To copy these 
images was the first object of Mr. Wedgewood, in his 
researches on the snbject, and for this pm-pose he first 
used the nitrate of silver, which was mentioned to him 
l>v a iVieiid, im a substance very sensible to the iiiiluence 
of light; but all his numerous experiments, as to their 
primary end, proved unsuccessful. 

In following these processes, I have found that the 
images of smaJl objects, produced by means of the solar 
microscope, may be copied without ^fficulty on pre- 
pared ]);i|)er. This will probably be a useiul application 
oi the method; that it may be employed successfully, 
however, it is necessary that the paper be placed at but 
a amaU distance firom the lens. 

With i^gard to the preparation of the solution, I have 
f(jund the best proportions those of one part of nitrate 
to about ten oi' water. In this case, the quantity of the 
aalt applied to the leather or pai>er will be sufficient to 
enable it to become tinged, without affecting its compo- 
sition or injuring its texture. 

In comparing the effects produced by light upon 

M 2 
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muriate of silver with those produced upon the nitrate, 
it seemed evident thnt the muriate was tlie most hiis- 
ceptible, and both were more readily acted upon when 
moist than when dry, a fact long ago known. Even in 
the twilight, the colour of moist muriate of silver spread 
upon paper, slowly changed from white to faint violet; 
thouo;h under similar circumstances no immediate alter- 
ation was produced upon the nitrate. 

The nitrate^ however, Irom its solubility in water, 
possesses an advantage over the muriate ; though leather 
or paper may, without much difficult, be impregnated 
with this last substance, either by difibsing it through 
water, and applying it in this form, or Ijy immersing 
paper moistened with the solution of the nitrate in very 
diluted muriatic acid. 

To those persons not acquainted with the properties 
of the salts containing oxyde of silver, it may be usefiii 
to state that they produce a stain of some permanence, 
even when momentarily applied to the skin, and in 
employing them for moistening jiapor or leather, it is 
necessary to use a pencil of hair or a brush. 

From the impossibility of removing by washing, the 
colouring matter of the salts from the parts of the 
' surface of the copy which have not been exposed to 
liglil; it is probable that both in the case of the nitrate 
and muriate of silver, a portion of the metallic oxyde 
abandons its acid to enter into union with the animal 
or vegetable substance, so as to form with it an insoluble 
compound. And, supposing that this happens, it is not 
improbable, but that substances may be found capable 
of destroying this compound either by simple or com- 
plicated aflinitics. Some experiments on this subject 
have been imagined, and an account of the results of 
them may possibly appear in a future number of the 
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jouraalsL Nothing bot a method of preTentiog the 
anBhaded parts of the deUneation from being coloured 
by exposure to the daj, is wanting to render the pro- 
cess as useful as it is elegauu* 



SOME OBSERVATIOXS UPON THE MOTIONS OF SMALL 
PIECES OF A( KTATE OF POTASTT, DTTRTNQ THEIB 80LU- 
TIOS, UPON THE SURFACE OF WAT£E.t 

In dissolving some acetate of potash in distilled water^ 
I accidently observed that some of the small pieces of 
that light aad scalj gait which floated upon the smr&ce 
of the water were agitated by yctj singular motions 
during the time of their solution ; these motions were 
very irregular. The fra^mients sometimes revolved for 
a second or two, and then moved rapidly backwards and 
Ibnvards in various directions. 

The phenomenon was evidently connected with the 
rapidity of the process of dissolution, £or as the water 
became satoiated with salt, the motion became gradually 
weaker, and at last ceased alto^jcthcr. The thinnest 
film ot oil, or of ether, whoUy destroyed the effect, and in 
several cases it did not take place, when the water that 
had been exposed to the atmosf^ere, and on which some 
dust had probably been depodted was employed, or 

* [Bccenfly tlila mefhod of deUacatton lias been ftirtlier enltiTated, 
^•peeUly hy Mr. TtSbot in this eonntrj; and It would appear with 
eonstderabic success. An aceoimt of the ^ Art oi Photogenic Dvaw* 
tn?** by this gentleman may be fonnd in the Atfaenssnm of the 9th 

Feb. 1839.] 

i [Vnmk Joomals of the Royal Institatloii, toI. L] 



Digitized by Gopgle 



S46 BJLPmuEfm on thb oonstitujznt partb of 

when a Tdfifiel, that had not been accurately cleaned 
was used. 

Thoee ^6oe6 which were inoit izregolar in didr 
hrms underwent by for the most fapid motions, horn 

which it would appear that the phaenomenon was in some 
measure oaring to chann^cs in their centre of gravity, 
during the solution* The projectile motions, probably, 
chiefly depended upon the continual descent of a ciii> 
rent of solntion of ^e salt in water £x>m the agitated 
particle, in oonsequenoe of which, the surrounding 
water would press upon different parts of it with dit- 
ferent degrees of" force. I founds by nirans of a mercu- 
rial thermometer^ that the solution oi acetate of potash 
in water, is connected with an increase of temperature ; 
and it is not improbable that this circumstance, may in 
some measure modify the effect 



AN ACCOrrNT OF SOME EXPERLM KXT.S AND OBSERVA- 
TIONS ON THE CONSTITUENT PARTS OF f*OME ASTRIN- 
GENT VEGETABLES; AND ON THEIR OHEBATION IN 
TANNING.* 

Th» discovefy made by M. Se|vain» of a peculiw vege- 
table matter which is essential tn the taiminjj, oi skin, 
and which is possessed of the proj)eri) ol precipitating 
gelatine from its solutionsy has added considerably to 
our knowledge of the constituent parts of astringent 
vegetables. 

Mr, Proust has investigated many of the properties 

of this substance; but, though his labours, and those of 
other chemistSy have led to various interesting observa- 

[• Fran mi Tktnt. hr 1808.] 
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tion^ yet they are &r from having eihau0ted the sub* 
jeet The affinities of tannin have been hitherto very 

little examined; and the manner in which its action 
upon animal matter is modified by combination with 
other substances, has been scarcely at all studied. 

At the desire of the managers of the Royal Institution, 
I began, in September, 1801, aseiiesof experiments on the 
flahstances employed in the process of tanning, and on 
the chemical agencies concerned in it These experi- 
ments have occupied, ever since, a considerable portion 
of my leisure hours ; and I now presume to lay before 
the Royal Society an account of their general results. 
My chief design was^ to attempt to elucidate the piao- 
ttoalpartof theart$ but, in pursuing it, I was necessarily 
led to general chemical inquiries concermng the analysis 
of the different vegetable substances containing taiuiin, 
and their peculiar properties. 

1. Obscrvatu/m mi tJte Analt/sls of Astringent VegetahU 

Infusions, 

The substances that have been supposed to exist most 

trenc rally in astringent infusions are tannin, gallic acid, 
and ( X tractive matter. 

The presence of tannin in an infusion, is denoted 
by the precipitate it forms with the solution of glue, or 
of iiringlmwii And, when this principle is wholly sepi^ 
imted, if the remaining liquor gives a dadc colour with 
the oxyp:enated salts of iron, and an immediate precipi- 
tate witli Llie soliiUons ofalniu and of muriate of tin, it 
is believed to contain gallic acid, and extractive matter. 

The experiments of MM. f ourcroy, Vauquelin, and 
Segoin, have shown that many astringent solutions 
andeigo a diange by exposure to the atmosphere; an 
insoluble matter being precipitated from them. A 
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precipitation is likewise occasioned in them by the 
action of heat ; and these circumstances render it di^ 

ficult to ascertain, with any degree of precbion, the 
quantities of their constituent parts, as they exist in tlie 
priuutu c combination. 

After trying several experiments on different methods 
of ascertaining the quantity of tannin in astringent infii- 
donsy I was induced to employ the common process of 
precipitation by gelatine, as being the most accurate. 

This process, lio.Nxner, requires Tiiaiiy precautions. 
The tanning principle m different vegetables, as will lie 
seen hereafler, demands for its saturation difierent pro- 
portions of gelatine ; and the quantity of precipitate 
obtained by filtration, is not always exactly proportional 
to the quantities of tannin and gelatine in solutions, 
but is iuilucnced by the degree of their concentraliou. 
Thus, I tuLiiul that 10 plains of dry isinglass, dissolved 
in 2 ounces of distilled water;, gave, with solution of 
gaUs in excess, a precipitate weighing, when dry, 17 
grfuns; whilst the same quantity, dissolyed in 6 ounces 
of water, produced, aU other circumstances being 
similar, not c^Like 15 grains. With more diluted solu- 
tions, the loss was still greater; and analogous cttccts 
took place, when equal portions of the same solution of 
isinglass were acted on by equal portions of the same 
infhikon of galls diluted in di£ferent degrees with 
tv^ater; the least quantity of precipitate being alwajrs 
produced by the least concentrated lujiior. In all caries, 
when the weak solutions were used, it was observed, 
that the residual iiuid, though passed two or three times 
through the filter, still remained more or less turbid 
and opaque ; so that it is most likely that the deficient 
arose fvom the continued suspension of some of the 
minutely divided soUd matter in the liq^uid mass. 
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The solutions of gelatine, for tlu piirposes of analysijj, 
should be employed only when quite fresh, aiid in as 
high a state of saturation as is compatihle with their per- 
fect fluidily. I have ohserred, that in cases when they 
approach towards the state of jelly, their power of 
acting upon tannin is materiany altered, and they pro* 
duce only a very slight precipitation. As the degree of 
fluidily of solutions of gelatine is iuliuenced by their 
temperature, I have found it expedient, in all compara* 
tiye experiments, to hring them and the astringent 
infiisions on which they are designed to act, as nearly 
as possible to a common degree of heat My standard 
temperature has been between 60° and 70° lahrenheit ; 
and the solutions of gelatine that I have used, were 
made by dissolving 120 grains of isinglass in 20 ounces 
of waten 

In ascertaining the proportions of tannin in astrin- 
gent infusions, great care must be taken to prevent the 

presence of any excess of gelatine ; for, when tliis 
excess exists, I have found tliat a pniall |)oi'ti()n of the 
solid compound tbrined is rc-dissolved, and the results 
of the experiments otherwise aflSected. It' is not diffi- 
cult to discover the precise point of saturation, if the 
solution of isinglass be added only in small quantities 
at a time, and if portions of the clear liquor be passed 
through a (iltcr at different periods of the process. The 
properties of these portions will indicate the quantities 
of the solution of gelatine requured for the completion 
of the experiments. 

That the composition of any precipitate containing 
tannin and gelatine may be known with a tolerable 
degree of ]>r.'ci^l()ii. it is necessary that the isinglass 
employed in the solution, and the new compound 
formed* be brought as nearly as possible to the same 

M 5 
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degree of dryness. For this purpose, I have generally 
exposed them, fur an equal time, upon the lower plate 
of a sand-bath, which was seldom heated to more than 
150^. This method I have found much better than 
that of drying at the temperatures of the atmosphere^ as 
the different states of the air, with regard to moisture, 
materially influence the results. 

Mr. Hatchett has noticed in his excellent paper, on 
Zoophytes, &c.*, that isinglass is almost wholly composed 
of gelatine. I have found, that 100 grains of good and 
dfy isinglass contain rather more than 9B grains of 
matter soluble in water. So that, when the quantity «f 
isinglass, in any solution employed ^r acting upon an 
as.Lringent iiit'ii>ioii, is compared with the quantity of 
the precipitate obtained, the difference between them 
vriii indicate the proportion of tannin, as it eiLists in the 
combination. 

After the tannin has been separated from an astrin- 
gent infuflion, ibr the purpose of ascertaining its other 

component ])arts, 1 liave been accustomed to evaporate 
the residual liquor verv slowly, at a temperature Ik low 
200".! In this process, it it contains extractive matter, 
that substance is in part rendered insoluble, so as to fall 
to liie bottom of the vesseL When tilie fluid is reduced 
to a diick cfmsistence, I pour alcohol upon it If any 
gallic acid, or soluble extractive matter be present, they 
will be dissolved, after a little agitation, in the alcohol ; 
whilst tiie mucilage, if any exist, will remain unaltered, 

* FhlLTniu. for 1S0O. p. 887. 

t M. Dqrenz luw diewii (Ainuil«i d6 Cbiiiii«, torn xrV. p. 80.) tliat 
ia HhB pioocM of evmpoiathig tohitloiis of galls, no gallie teM is ovried 
OTcr bj ^ water, at a tampenttoie bdoir that of etmUitlon. Many 
astrtngent ialbsions, however, lose a portion of their aromatic principle, 
©▼en in cases when they are not made to boil ; l)ut this substance, thoufjh 
evident to the smell, in the water that comes over, cannot be detected 
by chemical reagents. 
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and may be separated from the insoluble extract, bj 
lixiviation with water. 

I bmre made many ezperimentB with the hope of dia- 
eoTenng a method by which the respectiye quantitiea of 
gallic acid and extractive matter, when they exist 
in solution in the akoliol, may be ascertained; but 
without uhtaiiiiiiii; success lu the results. It is impos- 
aible to render the whole of any quantity of extractive 
matter insoluble by exposure to heat and air, without at 
the same time decomposing a portion of the gallic add. 
That acid cannot be sublimed, without being in part 
destroyed; and, at the temperature of its sublimation, 
extracfivL' matter is wholly converted inlo ucw products. 

Ether dissolves gallic acid ; but it has comparatively 
little action upon extractive matter* I have been able, 
in examining solutions of galls, to separate a portion of 
gallic add by means of ether. But, when the extrac- 
tive matter is in large quantities, this method docs 
not succeed, as in consequence of that alhaity which i& 
connected with mass,* the greater part of the acid con* 
tinues to adhere to the extract. 

Alumme has a strong attraction Ibr extractive matter; 
hot compaiatiTely a weak one for gallic acid*! When 
carbonate of alumine is boiled for some time with a 
section containing extractive matter, the extractive 
matter is whoUy taken up by the earth, with which it 
forms an insoluble compound; but, into this compound, 
tome of the gallic acid appears likewise to enter; and 
the portion remaining dissolved in the solution is always 
combined with alumine. 

I have not, in any instance, been able to sepaiate 

* See BertboUet'i BMendwe, sor be Loie de PeiBiiit^. Mem. de 
llaitftnt Natioiiel, torn. in. p. fi. 

tSeeVleSte. ^qneldeCliiiaie,iiir J. B. Tiii-MoBe, tav.i.9.a& 
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gallic acid and extractive matter perfectly irom each 
other ; but I haye generally endeavoured to form some 
judgment concerning dieir lelatiTe proportionB, by 
means of the action of the salts of alumine, and the 
oxygenated salts of iron* 3Iariate of aluraine preci- 
pitates nuicli of the extractive matter from solutions, 
without acting materially upon gallic acid ; and, after 
this precipitation, some idea may be formed concern- 
ing the quantilj of the gallic acid^ by the colour 
it gives with the oxygenated sulphate of iron. In this 
process, however, great care must be taken not to add 
the solution of the sulphate of iron in excess ; for, in 
this case, the black precipitate formed with the gallic 
acid will be redissolvcd» and a clear olive-coloured fluid 
only will be obtained. 

The saline matters in astringent infusions, adhere so 
strongly to the vegetable principles, that it is impossible 
to ascertain their nature with any degree of accuracy, 
by means of common reagents. By incineration of the 
products obtained from the evaporation of astringent 
infusions, I have usually procured carbonate of lime 
and carbonate of potash. 

From the different analyses, as will be seen from the 
results given in the following sections, I have attended 
cliiefly to the proportions of the tanning principle, and 
of the principles precipitable by the salts of iron, as 
being most connected with practical applications. 

With regard to the knowledge of the nature of the 
different substances, as they exist in the primitive 
astruigent infusion, wc can gain, by our artiiicial me- 
thods of examination, only very imperfect approxiiiia- 
tions. In acting upon them by reagents, we probably, 
in many cases, alter their nature ; and very few of them 
only can be obtained in an uncombined state. The 



Digitized by Gopgle 



SOME ASTBING£NT VSGBTABLBS. 253 



comparison, however, of the products of different ex- 
periments with each other^ is always connected with 
some useful conclustoiis; and the accumulation of fiicts 
with regard to the subject must finally tend to elucidate 
this obscure but most interesting part of chemistry. 

2. Experimenti on the Infimon of Galls. 

I have been very much assisted in my inquiries con* 
ceroing the properties of the infusions of galls, by the 
able memoir of M. Deyeuz^ on galls.* 

The strongest infusion of galls that I could obtain, at 

Fahrenheit, bj repeatedly ]wiirinfr distilled water 
upon the best Aleppo galls broken iiilo Miiali pieces, 
suficring it to remaiu in contact with them till the 
saturation was complete^ was of specific gravity 1*068. 
Four hundred grains of it produced by evaporap 
tion at a temperature below 200°, fifly-three grains 
of solid matter ; which, as well as 1 could estimate by 
the methods of anahaib that have been iiist described, 
consisted of about niue-tenthi> of tannin, or matter pre- 
cipitable by gelatine, and one-tenth of gallic acid, united 
to a minute portion of extractiTe matter. 

One hundred grains of the solid matter obtained 
from the infusion, left, after examination, nearly 4^ 
grains of {vshcs, which were chiefly calcareous matter, 
mixed with a small portion of fixed alkali. The infu- 
sion strongly reddened paper tinged with litmus. It 
was semi-transparent^ and of a yellowish brown colour. 
Its taste was highly astringent When sulphuric acid 
was poured into the infusion, a dense whitish precipi- 
tate was produced; and this effect was constant, what- 
ever quantity of the acid was used. The residual 
liquor, when passed through the filter, was found of 
a shade ef oc^ur deeper than before. It precipitated 

* Aaiwlcs ite Chimie, tom. zrtt. p. 1. 
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gelatine, and gave a dark colour with tiie oxygenated 
sulphate of iron. 

The solid matter remaining on the filter slightly red- 
dened Tegetable blues; iind when dissolved in mm 
water^ copiously precipitated the solutions of imnglasa 
Mr. Proust,* who first paid attention to its properties, 
supposed tliat it is a coinpoiuid of the acid with tannin; 
but I suspect that it also contains gallic acid, and pro- 
bably a small portion of extractive matter. This last 
substance, as is well known, is thrown down from its 
solutions by sulphuric add ; and I found, in distilling 
the precipitate from galls by sulphuric acid, at a heat 
above 212^, that a lUnd came over of a bright yellow 
colour, which was rendered black by oxygenated sul- 
phate of iron ; but wliich was not altered by gelatine. 

Muriatic acid produced in the infiinon effects analsr 
goos to those produced by sulphuric acid; and two 
compounds of the acid and the vegetable substances 
were formed : the one united to excess of {leid, which 
remained in solution ; Mip otiier containinrr a consi- 
derable quantity of taauiii, which was precipitated in 
the solid form. 

When concentrated nitric acid was made to act upon 
the infunon, it was rendered turbid ; but the solid matter 
formed was immediately dissolved with effervescence, 
and the liquor then became clear and of an orange 
colour. On examining it, it was found that both the 
tannin and the gallic acid were destroyed; foritgaro 
no precipitate, either with gelatine or the salts of iron, even 
after the residual nitric acid was saturated by an alkalL 
By evaporadoQ of a portion of the fluid, a soft sub- 
stance was obLaiiied, of a yellu\vi:ili brown colour, and 

* Hie iket of the |iredpltatioii of folutUn of galii bgr iddeivii ao* 
tMbyM. Dls6. Boo AiuMlMde Chimin torn, nxr.p^ 17. 
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of a aiightlj souruih tasteu It was soluble in water, and 
precipitated the nitro-muriate of tin^ and the nitrate of 
ahunine ; 80 that its pnyperties appfoached to thoee of 
estractiTe matter; and it probably contained oxalic 

acid, as it rendered turbid a solution of muriate of lime. 

When a very weak solution of nitric acid was luixed 
with the infusion, a permanent precipitutc was ibrmed ; 
and the residual Uqnor^ examined by the eolation of 
gelaliDe, was found to contain tannin. 

A solution of pure potash was poured into a portion 
of the infusion. At first, a faint turbid appearance was 
perceived; but, by afritaiion, the lliiid became clear, 
and its colour chanj^ed from yellow-brown to brown- 
red; and this last tint was most vivid on the surface^ 
where the solution was exposed to the atmosphere. 
The solution of ismglass did not act upon the miusiim 
modified by the alkali, till an acid was added in excess, 
when a copious precipitation ^^;ls occasioned. 

The compound of puta^li and suluiion of p;ails, when 
evaporated, appeared in the form of an olive-coloured 
mass, which had a fiunt alkaline taste, and which slowly 
deliquesced when exposed to the air. 

8oda acted upon in the infiision in the same manner 
as potash ; and a fluid was formed, of a red-brown 
colour, which gave no precipitate to gelatine. 

Solution of ammonia produced the same colour as 
potash and soda, and formed so perfect an union with t he 
tmnin of the infusion^ that it was not acted upon by 
gelfltine. When the compound liquor was exposed to 
the heat of bolting water, a part of the ammonia fiew 
oft, and another part reacted upon the infusion, so as 
to effect a material change in its properties. A consi- 
denible quantity of insoluble matter was farmed ; and 
the lonainittg Hquor ooatained little tannin and gjf^ 
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acid^ but a considerable portion ot a substance that pre- 
cipitated muriate of tin and the salts of alumine. 

When the experiment on the ebnllitioD of the com* 
pound of the infhsion and ammonia was made in close 
▼essels, the liquor that came over was strongly impref^ 
nated with ammonia; its colour was li^ht yellow, and 
when saturated with an acid, it was very little altered 
by the salts of iron* The residual Huid^ after the pro* 
cess had been continued for some time, as in the other 
case^ precipitated gelatine slightlj, but the salts of 
alumine copiously; and it gave a tinge of red to litmus 
paper. 

When solution of lime, of strontia, or of harvtes, wa* 
poured in excci^s into a portion of the iuiusiou, a copious 
olive-coloured precipitate was formed, and the solution 
became almost dear and of a reddish tint. In this 
case» the tannin, the gallic acid» and the extractive 
matter, seemed to be almost wholly carried down in the 
precipitates: as the residual tliiids, when <5aturated by 
an acid, j^ave no precipitate to gelatine, and only a very 
dight tint of purple to oxygenated sulphate of iron* 

When the solutions of the alkaline earths were used 
only in small quantities^ the infusion being in excess^ a 
smaller quantity of precipitate was formed, and the 
residual li(pior was of an olive-green colour ; the tint 
being darkest in the ex]>erimcnt with barvtes, and 
lightest with that with the lime. This iiuid» when exa- 
mined, wa< found to hold in solution a compound of 
gallic acid and alkaline earth. It became turbid when 
acted on by a little sulphuric acid ; and, after being fil- 
trated, gave a black colour with Uie solutions of iron, 
but W'iis not acted upon l)y rrelatine. 

When a large proportion oi lime was heated tor some 
time with the infusion, it combined with all its consti* 
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tuent principles, and ^^iw, by washing, a fluid which 
had the taste of lime-wale r, and which held in solution 
a very small quantity of vegetable matter. Its colour 
was pale jellow, and when saturated with muriatic acid» 
it did not precipitate gelatine^ and gave only a slight 
puiple tinge to the solutions of the salts of iron. The 
lime in combination with the solid matter of the infb- 
sion was oi lawn colour, ft became green at its sur- 
face, where it was exposed to the air j and when wai>hed 
with large quantities of water, it continued to give, even 
to the last portions, a pale yellow tinge. 

Magnesia was boiled in one portion of the infusion 
for a few honrs, and mixed in excess with another por- 
tion, whit h was suffered to remain cold. In both cases 
a deep green iiuid was obtained, which precipitated the 
salts of iron, but not the solutions of gelatine, and the 
magnesia had acquired a grayish-green tint Water 
poured upon it became green, and acquired the proper- 
ties of the fluid at first obtained. After long washing, 
the colour of the niki^nesia changed to dirty yellow ; 
and the hist porlions of water made to act upon it wore 
pale yellow, and altered very little the solutions ot iron. 

When the magnesia was dissolved in muriatic acid, 
a brownish and turbid fluid was obtained, which preci- 
pitated gelatine and the oxygenated salts of iron. So 
that there is every reason to believe, that the earth, 
in acting on the astrinorent infusion, had funned two 
combinations ; one containing chielly gallic acid, wliich 
was easily soluble in water ; the other containing chiefly 
tannin, which was very difficultly soluble. 

Alumine boiled with the infusion became yellowish- 
gray, and gave a clear white fluid, which produced 
only a tinge of light purple in the solutions of iron. 
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When the cartli* was employed in very small quantity, 
faomver, it £»nned an insoluble eompoond only with 
the tannin and the extract; and the residual liquor 
was found to contain a guilate of alomine with excess 

of acid. 

The oxydes of tin and of zinc, obtained by nitric 
acid, were boiled with separate portions of the infusion 
for two hours. In both cases, a clear fluid, whidi ap^ 
peared to be pure water, was obtained, and the oxydes 
gained a tint of dull yellow. A part of each of diem 
was dissolved in uiuriaiic acid. The solution obtained 
was yellow : it copiously precipitated gelatine, and gave 
a dense black with the salts of iron. Mr, Proust,! who 
fixst obserred the action of oxyde of tin upon astringent 
infusions, supposes that portions of tannin and g^dlk 
acid are decomposed in the process, or converted, by 
the oxygen of the oxyde, into new substances. These 
experiments do not, iiowever^ appear to confirm the 
supposition, 

M. Deyeuz observed^ that a copious pfed^tatkn 
was occasioned in InBinon of galls, by solutions of the 
alkalies combined with caibonic acid. Mr. Proust had 

supposed tliat the solid matter formed is pure tannin, 
separated from its solution by tlio stronprrr afHnlty ut' 
the alkali for water ; and he recommeudB the process^ 
as a method of obtaining tannin. 

In examining the precipitate obtained by carbonate 
of potash fully combined with carbonic add, and used 
to saturation, I have not been able to recognise in it the 
properties whicli arc usually a.-eribed to tannin; it is 
not possessed of the astringent taste, and it is but 

* Mr. nedler, I believe, first observed the action of aluminc upon 
tttnln. y«a-HoiM' Journal, torn. 1. p. 88. 
t Anoalei de Chimfe^ torn. xIU. p. 09. 
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sliglitlj soluble in cold watef^ or in alcohol. Its soltt* 
tlon acts Yety little upon gelatine, till it is saturated with 

an acid, and it is not possessed of the property of tan- 
ning skill. 

In varioos cases, in which the greatest care was taken 
to use no ezcesB, either of the astringent infusion or of 
the alkaline solution^ I have found the solid nmtter ob* 
tained possessed of analogous properties ; and it has 
always given, hy incineration, a considerable portion 
of carbonate oi potash^ and a small quantity of car- 
bonate of lime. 

The fluid remaining after the separation of the pre* 
cipitate was of a dark brown colour, and became green 
at the surface, when it was exposed to the air. It gave 
110 precipitate to solution of gelatine, aiul afforded only 
an olive-coloured precipitate with the salts of iron. 

When muriatic acid was poured into the clear iluid^ a 
violent efiervescence was produced ; the fluid became 
tolbid; a precipitate was deposited^ and the residual 
Uqnor acted upon by geladne and the salts of iron, in a 
manner similar to the prinutivr infusion. 

M. Deycux, in distilling the precipitate from in- 
fusion of galls by carbonate of potafih^ obtained crystals 
of gallic acid. In Allowing his process^ I had similar 
results ; and a fluid came over, which reddened litmus- 
paper, and precipitated the salts of iron blacky but did 
not act upon gelatine. 

Wlien the precipitate 1)y carbonate of potash -was 
acted upon by warm water, applied in large quantities, 
a considerable portion of it was dissolved ; but a part 
femainedj which coold not in any way be made to 
enter into solution ; and its properties were very diflbr- 
ent from those of the entire precipitate. It was not at 
all aflipcted by aicoiiol: it was acted on by muriatic 
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add, and partiAlly diaaolved ; and the solutioii precipi- 
tated gelatine and the salts of iron. It aflfbided, by in« 
cineration^ a considerable portion of lime, lnit*no 

alkali. 

In comparing these facts, it would seem that the pre- 
cipitate from in^sion of galis^ consifitB partly of tannin 
and gallic acid united to a small qnantily of alkali, and 
partly of those Tegetable matters combined with cal- 
careous earth ; and it will appear probable, when the 
facts hereafter dctailc<l are examined, that both the 
potash and the lime are contained in these compouuds 
in a state of union with carbonic acid. 

The solutions of carbonate of soda and of carbonate 
of ammonia, both precipitated the infiieion of galls in a 
manner similar to the carbonate of potash ; and each of 
the precipitates, when acted upon by boiling water, left 
a suuill quantity of insoluble matter, which seemed to 
consist chiefly of tannin and carbonate of lime. 

The entire precipitate by carbonate of soda pro- 
duced, when incinerated, carbonate of soda and car- 
bonate of lime. The precipitate by carbonate of am- 
monia, when exposed to a heat sufficient to boil water, 
in a retort having a receiver attached to it, gave out 
carbonate oi anmionia, (which was condensed in small 
crystals in the neck of the retort) and a yellowish fluid, 
which had a strong smell and taste of this volatile salt 
After the process of di8til]ati<ni, the solid matter re- 
maining was found of a dark brown colour ; a part of it 
readily dissolved in cold water, and the solution acted 
on gelatine. 

The residual fluid of the portions of the infusion 
which had been acted on by the carbonates of soda and 
of ammonia, as in the instance of the carbonate of 
potash, gave no pre<d|ntate witli gelatine, till they were 
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saturated with an acid, so that^ in all these cases^ the 
changes are strictly analogous. 

The iDfusion of galls, as appears from the aoaljsisy 
contains in its primitiTe state calcareous matter. By 
the action of the mild alkalies, this suhstance is precipi- 
tated ill union with a portion of tlic vegetable matter, 
in the ionn of an insoluble compound. The alkalies 
themselves, at the same time, enter into actual combi- 
nation with the remaining tannin and gallic acid ; and 
a part of the compound formed is precipitated^ whilst 
another part remains in solution. 

\Mien the artificial carbonates of lime, magnesia, and 
barytes were separately boiled with portions of the in- 
cision of galls for some houcsy thej combined with the 
tannin contained in it, so as to fonn with it insoluble 
compounds ; and in each case^ a deep green fluid was 
obtained, which gave no precipitate to gelatine, even 
when an acid was added, but which produced a deep 
black colour in tiie .solutions of the salts of iron. 

Sulphate of lime when finely divided, whether na* 
turai or artificials after having been long heated with a 
small quantity of the infusion, was found to have com- 
bined with the tannin of it, and to have gained a faint 
tinge of light brown. The liquid became of a blue- 
green colour, and acted upon the salts of iron, but not 
upon gelatine ; and there is every reason to suppose 
that it held in solution a triple compound^ of gallic acid, 
sulphmric acid, and lime. 

We owe to Mr. Proust the discovery that diflWrent solu-' 
tions of the neuLial salts precipitate the infusion of galls; 
and he supposes that the precipitation is owing to their 
combining with a portion of the water which held the 
vegetable matter in solution. In examining the solid 
matteiB thrown down from the infusion, by sulphate of 
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aluiuiney nitrate of potash, acetite of potiisli, muriate 
of 8od% and muriate of barytes» I found them soluble 
to a certain extent in vater» «nd poweased of the power 
of acting upon gelatine. From the prodoctB givien 
by their incineration, and by their distillation, I am, 
however, inclin< to believe that they contain, besides 
taniiiii, a portion ot gallic acid and extractive matter, 
and a quantity of the salt employed in the primitive 
aolation* 

It is well known that many of the metallic aolntiiODt 

occasion dense precipitates in the in&sion of galls ; and 
it has been generally supposed that these precipitates 
arc composed of tannin and extractive matter, or of 
those two substances and gallic acid united to the me- 
tallic oxyde ; but from the observation of different pro- 
cesses of this kind, in which the salts of iron and of tin 
were employed, I am inclined to believe that they 
contain ako a purLxuu of the acid of the saline com- 
pound. 

When the muriate of tin was made to act upon a 
portion of the infusion, till no more precipitation could 
be produced in it, the fluid lhat passed through the 
filter still acted upon gelatine, and seemed to contain 

no excess of ;ic id, for it «ravc a precipitate to caibonate 
of pota<ii, without |)roduciii*i; cfterveticence. The solid 
compound when decomposed by sulphuretted hydrogen, 
after the manner recommended by Mr. Prtnist waa 
fi)und strongly to redden litmus paper, and it copiously 
precipitated nitrate of silver; whereas the primidve 
infusion onlv rendered it slij^htlv turbid; so that there 
is every reason to beUcve that the precipitate coutaiued 
muriatic acid. 

By passing the black and tnrbid fluid, procured by 
the aeticm of solution of oxygenated sulphate of iron iu 
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excess upon a portion of the infuaion, through fioelj- 
divided paie Biiit^ ooDtained in fimr folds of £itratiag 
piper» I obtained a light olive green fluid, in whieh 
there was no excess of sulphuric acidi and which I am 
inclined to HU]^pose was a solution of the compound of 
gallic acid and sulphate of iron, with superabundance 
of metallic salt. I have ahreadj mentioned that gallic 
add when in very amaU proportion^ does not precipitate 
the oxygenated salts of iron ; and Mr. Proust in hia 
inf^niouB paper upon the difi^rence of the salts of iron, 
liAs suppohed tluit, in the formal iuii of ink, a portion of 
the oxydc of iron in uuiuu with gjallic acid is dissolved 
by the sulphuric acid of the sulphate. This cornea 
near to the opinion that thej form a triple compoond ; 
and in reasoning upon the general phsenomena, it seems 
fidr to conclude that in the eaae of the precipitation of 
taiuiiu by the salts of tia iuid iron, cuuipounds are 
formed of tannin and the salts ; and that of these com- 
pounds such as contain tin, are slightly soluble in water* 
whilst those that contain iron are almost wholly in- 
soluble* 

In examining the action of animal substances upon 

the infusion of galls with the view of ascertaiuing the 
composition of the coinpouuds of gelatine, and of skiu 
with tanniuy I foiuid that a saturated solution of gela- 
tine, which contained the soluble matter of 60 grains of 
dry isinglass, produced from the intoion a precipitate 
that weighed nearly 91 grains; and in another instance, a 
solution containinfj; 30 grains of isinglass gave about 56 
grains; so that taking the mcr.n of the two experiments, 
and allowing lor the small (quantity of insoluble matter 
in isinglass, we may conclude that 100 grains of the 
compound of gelatine and tannin formed by precipitar 
tion from saturated solutions, contain about 6i graim of 
gelatine, and 4(i of laiiuin. 



Digitized by Google 



264 £XP£EXM£NTB OX TH£ CONSTITUBNT PABT8 OF 

A piece of dry calf-skin, perfectly free from extra- 
neouB matter, that weighed 180 grams alter being pre* 
poied for tanning by long immersion in water, was 
tanned In a portion o£ the infusion, being exposed to it 
for three weeks. When dry the leather weighed 295 
grains ; so that considering this experiment as accurate, 
leather quickly tanned by means of an infusion of frails, 
consists of about 61 grains of skin, and 39 of vegetable 
matter in 100 grains* 

After depriving a portion of the infusion of all its tan- 
ning matter, by repeatedly exposing it to the action of 
pieces of skin, I found that it gave a much slighter 
colour to oxygenated sulphate of iron, than an equal 
portion of a similar infusion which had been immedi- 
ately precipitated by means of isinglass ; but I am in- 
clined to attribute this effect, not to any absorption of 
gallic acid by the skin, but rather to the decomposition 
of it by the long-continued action of the atmosphere ; 
for much insoluble matter had been precipitated during 
the process of tanniug, and the residuum contained a 
small portion of acetous acid. 

In ascertaining the qnanti^ oftannin in galley I found 
that 500 grains of good Aleppo galls gave by lixiTiaticm 
with pure water till thehr soluble parts were taken up, 
and snl)se(]uent slow evapoi iiion, 185 grains of solid 
matter. And this matter examined by analysis, appeared 
to consist 

Of tannin . • • . 130 grains. 
Of mucilage and matter rendered insoluble 
by evaporation . • .12 

Of gallic acid with a little extractive matter 31 
Remainder, calcareous earth, and saline 

matter . . . ,12 

The fluid obtained by the last lixiviation of gallsj, as 
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M. Dcycnx ob^ened, is pale green ; and I am inclioed 
to believe that it is chiefly a weak solution of gallate 
of lime. The ashes of galls, deprived of soluble matter 
fumish a veiy considerable quantilj of calcareoos earth. 
And the property which M. Deyeux discovered in the 
liquor of the last lixiviations of becoming red by the 
action of acids and of regaining the green colour by 
means of aikaiies, I have observed more or less, in all the 
soluble compounds containing gallic add and the alksr 
line earths. 

3. Experinunts aiid Observations on Catechu or Terra 

Jujji/niccu 

The extract called catechu is said to be obtained from 
the wood of a species of the mimosa,* which is fbnnd 
abundantly in Indis* by decoction and subsequent 
evaporation. 

There are two kinds of this extract ; one is sent from 
Bombay, the other from Bengal; and they differ from 
each other more in their external appearance than in 
their chemical composition* The extract from Bombay 
is of an uniform texture, and of a red-brown tint; its 
spediic gravity being generally about 1*39. The ex- 
tract from Bengal is more pliable, and less consistent ; 
its colour is like that of chocolate externallv, but when 
broken, its fracture presents streaks of chocolate and of 
red-brown. Its specific gravity is about 1*28. Their 
tastes are predsely similar, being aatringent, but leaving 
in the mouth a sensation of sweetness. They do not 
deliquesce, or apparently change by exposure to the 
air. 

The discovery of the tanning powers of catechu, is 
owing to the President of the Royal Society, who, con* 

• S€e Kerr's Medical Obsenrations, vol. v. p. 155. 
VOL. H. N 
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eluding from its sensible properties that it coQlaiiied 
tannin, fiiraished me in December, 1801, with a cpua- 
titj for chemical ezaminatioik 

In my first experiments, I found that the solutions of 
catechu c()})ioiisly precipitated gelatine, and &|>eedily 
tanucd skin, and in consequence I began a particular 
invc^tigaticn of their properties. 

The stton^t infnsioDa and deoocdonB of the two 
•different kinds of catechu do not Bennbly diflfier in tiieir 
nature, or in their composition. Their colour b deep 
red-brown, and thry roiiHiiunicate this tinpre to paper; 
they slightly redden htmus paper; their taste is highly 
astringent, and they have no pmeptible smelL 

The strongest ii^Ristons that I oould obtain ftom the 
two kinds of catechn at 48^ Fahrenheit were of the 
same specific gravity, 1*057. But by long decoction, I 
procuieJ solutions of 1*102, wliich gave by evaporation, 
more than ^ of their weight of solid matter. 

Five hundred grains of the strongest infiisbn of 
catechu from Bombay furnished only 41 grains of solid 
matter ; which team analysis appealed to consist of 84 
grains of tannin or matter precipitablc by gelatine, and 
7 grains that were chiefly a peculiar extractive matter, 
the properties of which will be hereafter described. 
The quantity of solid matter given by the strongest 
infusioii of the Bengal catechn, was the same, and there 
was no sensible diflRsrence in its composition. Portions 
of these solid matters, when incinerated, left a residuum 
"which seemed to be calcareous ; but it was too small in 
quantity to be accurately examined, and it could not 
have amounted to more than -^J^ of their original 
weights. 

The strongest infusions of catechu acted npon the 

acids ai\d pure alkalies in a manner analogoui> to tlie 
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infusion of galls. With the concentrated sulphuric and 
muriatic acids, they gave dense light fawn-coloured 
precipitates. With strong nitrous acid they effervesced; 
and k)6t tbeir power of pfecipitathig the solations of 
umglaaByflod tbe ealtsof iron. The pure alkalies entered 
into nmon with their tanmn, so as to prevent it from 
being acted upon by gelatine. 

When the solutions of lime, of strontia, or of barytes, 
were poured into the infusione^ copious precipitates, of 
a diade of light brown, were formed $ and tlK residual 
fluid assumed a paler tint of red, and was found to have 
lost its power of precipitating gelatine. 

After lime had been boiled for some time with a por- 
tion of the infusion, it assumed a dull red colour. The 
liquor that passed from it through the iilter had only a 
fiunt tint of red, did not act upon gelatine, and seemed 
to contain only a very small portion of vegetable matter. 
Pure magnesia, when heated with the infusion, acted 
upon it in an analogous luauncr; the magnesia became 
light red, and the residual fluid had only a very slight 
tinge of that colour. With carbonate of magnesia, the 
infusion became deeper in colour, and lost its power of 
precipitating gelatine ; though it still gave, with oxyge- 
nated sulphate of iron, a light olive precipitate . 

The CBrhonates of potash, of boda, and of ainuionia, 
in. their concentrated solutions, produced only a sUght 
degree of turbidness in the infusions of catechu : they 
communicated to them a darker colour, and deprived 
them of the ^Mywer of acting upon gelatine ; though 
tliis power was restored by the additiuu oi an acid. 

After the mixture of the solution of carbonate of 
potash, and the infusions had been exposed to the 
atmosphere for some hours, a brown crust was found to 

K 2 
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have formed upon its sur&ce, and a slight precipitatioQ 
had taken place. 

The salts of alumine precipitated the infusions, but 
less copiously than they precipitate the in^sion of galls. 
A similar effect was produced by nitrate of potash, 
sulphate of magnesia^ prussiate of potash^ and many 
other neutral salts. 

The nitrate, or acetite, of lead, ui concentrated solu- 
tion, when })()uicd into the infusion, produced in it a 
dense light brown precipitate, which gave to the fluid a 
gchitinous appearance. After this effect, there was no 
free acid found in it; and both the tannin and the 
extractive matter seemed to have been carried down, in 
union with a portion of the metallic salt. 

The solution of muriate of tin acted upon the infu- 
>.ioi\ of catechu In a manner similar to that in which it 
acts upon the infusion of galls. 

The least oxygenated sulphate of iron produced na 
change in the infusion. With the most oxygenated 
sulphate it gave a dense black precipitate, which, when 
diliused n[)on paper, appealed rather more inclined to 
olive tlian the precipitate from galls. 

The infiisions were precipitated by the solution of 
albumen. 

The precipitates by gelatine had all a pale tint of 

red-bruwn, which became deeper when they were 
exposed to the air. The compound of gelatine and the 
tannin of the strongest infusions of catechu appeared, 
by estimation of the quandly of isinglass in the solutions 
used for their precipitation, to consist of about 41 parts 
of tannin, and 59 of gelatine. 

Of two pieces of calf-skin which weighed, when dry, 
\IV2 grains each, and wliich had been pre])arcd for 
tanning, one was immersed in a laige quantity of the 
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iofusioii of catechu from Bengal, and the other in an 
equal portion of the m&aion of that from Bombay. In 

lew than a month they were found converted into 
leather. When freed from moisture, by lon^ cxposuro 
in the sunshine, they were weighed. The hrst piece 
had gained about 34 grains, and the second piece 35^ 
grains. The leather was of a much deeper colour than 
thai tanned with gallsy and on the upper surface was 
red-brown. It was not acted upon by hot or cold 
water; and its apjiareiii -ueugth was the same as that 
of similar leather tanned in the usual manner. 

On examining the remainder of the infusions of 
catechu, in which skin had been converted into leather, 
I found in them much less extractive matter than I hall 
reason to expect, from the comparative analysis of c(iiial 
portions of the unaltered infusions made by solutions of 
gelatine. At hist I was inclined to suppose that the^ 
deficiency arose from the action of the atmosphere upon 
the extractive matter, by which a part of it was rendered 
insoluble. But, on considering that there had been 
very little precipitation in the process, I was led to 
adopt the supposition, that it had entered into union 
with the skin, at the same time with the tannin; and 
this supposition was confirmed by new experiments. 

Both kinds of catechu are almost wholly soluble in 
large quantities of water; and, to form a complete solu- 
tion, about 18 ounces of water at 52^, are rc([uircd to 
100 grains of extract. The residuum seldom amounts 
to of the original weight of the catechu; and, in 
most cases, it is found to consist chiefly of calcareous 
and aluminous earths, and of fine sand, which, by acci- 
dent or design, had probably been mixed with the pri- 
loitive infusion at the time of its cvapuiiuion. 

A considerable portion of both kinds of catechu is 
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8<duble in alcohol ; but, aiter the action of alcohol upon 
it, a substance remams, of a gelatinous appeanmee and 
a light brown coloor, which is sohible In water, and ia 
analagous in its properties to gum or mucilage. 

The peculiar extractive matter in the eatechu, is 
much less soluble in water than the tanning princijile ; 
and» when a small quantity of water is used to a large 
quantity of catechu, the quantity of taonia taken up^ atf 
appeals from the nature of the strongeet ipfadon, is 
▼ery much greater than that of the extractive matter. 
The extractive matter is much more soluble in warm 
water than in cold water ; and, when saturated solutions 
of catechu are made in boiling water, a considerable 
quantity of extractive matter, in its puie state, ftUa 
down, as the liquor becomes cooL 

The peculiar extractive matter of the catedra may be 
Kkcwise obtained by repeatedly lixiviating the catechu, 
when in fine powder, till the fluids obtained cease to 
precipitate gelatine; the residual solid will then be 
found to be the substance in question. 

The pure extractive matter, whether procured fiooi 
the Bombay or Bengal catechu, m pale, with a faint 
tinge of red-brown. It has no perceptible smell ; it:? 
taste is slightly astringent ; but it leaves in the mouth, 
foot some time, a sensation of sweetness stronger than 
diat given by the catechu itself 

Its solution in water is at first yellow-brown ; but it 
gains a tint of red by exposure to the air. Its solution 
in alcohol does not materially change colour in the 
atmosphere, and it is of an uniform dull brown. 

The extractive matter, whether solid or in sofaitioiiy 
was not found to produce any change of cokmr npoik 
vegetable blues. 

It became of a brighter coloui by the action of the 
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alkaUes ; bat it was not precipitat e d jfrom its aolutioD 
in water by tbese bodies, nor by the alkaline eartha 

The aqueous iolationa of it, when mixed with sokt* 
tioos of nitrate of alumine and of muriate of tm, became 
slightly turbid. 

To nitrate n£ lead it gave a dense light hrovn preci- 
pitate* 

It was not pexcepciblj acted on bj sohtion of gela- 
tine; bat, when solution of sulphate of alumine was 
added to the mixture of the two fluids, a considerable 
quantity of solid matter^ of a light brown colour, was 
iBMoediately deposited. 

To the aoltttion of oxygenated sulphate of iron» it 
oommunieated n fine grafls-gieen tint; and a green pre* 
cipitate was deposited, which became black by expor 
sure to the air. It was not precipitated by the mineral 
adds. 

Linen, by being boiled in the strongest solution of 
die extractive matter, acquired a light red-brown tint 
The liquor became ahnost colourless, and after this pro- 
duced very little change in the solution d oxygenated 
sulphate of iron. 

Raw akin, prepared £i>r tanning by being immersed ia 
the strong solution, soon acquued the same kind of tint 
as the linen. It united itself to a part of the extrac- 
tive matter; bat it was not rendered by it insolttble in 
boiling water. 

The solid extractive matter, when exposed to heat, 
softened and became darker in it^ colour, but did not 
enter into fiision* At a temperature below that of igni- 
faon it was decompounded. The volatile products of 
its decomposition were, carlxmic acid, hydro-carbonate, 
and water holding in solution ^eiuus acid and a little 
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unaltered extractive matter. There remained a ligkt 
and very porous charcoal. 
In conridering the manner in which the catechu is 

prepared, it -would be reasonable to conclude tbat dif- 
ferent specimens of thiit substance must differ in some 
measure in their composition^ even in their pure states ; 
and for the purposes of commerce^ they are often adul- 
terated to a conaideratie extent with sand and earthy 
matter. * 

In attempting to estimate the composition of the 
purest catechu, I selected pieces from different speci- 
mens^ with which I was supplied by the President, 
and reduced them together into powder ; mixings how- 
ever^ only those pieces which were fix>m catechu of 
the same kind. 

Two hundred grains of the powder procured in 
this way, from the catechu of Bombay, afibrded by 
analysis:-— 



The powder of the Bengal catechu gave, by simiUur 
methods of analysis, in 200 grains : — 

Tannin ...... 97 

Peculiar extractive matter . . • 73 
Mucilage 16 

* Om fpednwA flmt I famined of tbe tem Jsponlet of eomineroe, 
farnlthed by ineinenitloa, one-flfth of tuid and wutbj matter; and 
toother epechnen, neifly ooeHrixth. 



Xannin 

Peculiar extractive matter • 

Mucilage ...... 

Residual matter, chieily sand and cal- 



Qnins. 
109 
68 
13 



careous earth 



10 
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Residual matter; sand, with a small 
quantity of calcareous and aluminous 
earths 14 

In ftTamining those parts of the catechu from Ben- 
gal, which were diffeientlj coloured, I found the largest 

proportion of tannin in the darkest part of the sub- 
stance, and most extractive matter in the lightest part. 
It is probable that the inequality of composition in this 
catechu is owing to its being evaporated and formed 
without much agitation ; in consequence of which, the 
constituent parts of it that are least soluble, being first 
precipitated, appear in some measure distinct from the 
more soluble parts, which assume the solid form ai a 
later period of the process. 

From the observations of Mr, Kerr,* it would appear 
that the pale catechu is the most sought after in India, 
and it is evidently that which contains most extractive 
matter. The extractive matter seems to be the sub- 
stance that gives to the catechu the })c<jiillar sweetness 
of taste which renders it so agreeable to the Hindoos, 
for the purpose of chewing with the betle-nuL 

4, £xpenment8 and Observations an the astrin(/ent infu' 
dom <if barks, and other veffetable produeHam* 

The hiirks that I examined were furnished me by my 
friend, Samuel Purkis, Esq. of Brentford; they had 
been collected in the proper season, and preserved with 
care. 

In making the infusions, I employed the barks in 
coarse powder ; and, to expedite the solution, a heat of 
100° to 120'^ Fahrenheit wiis applied. 

The strongest intusions of the barks of the oak, of the 
* Medical ONcmitioiii, t. p« 166. 

n5 
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Leicester willow, and of the Spanish chestnut, were 
nearly of the same specific gravity, 1*05. Their tastes 
were aiike^ and strongly astringent ; thej all reddened 
litmus paper ; the infusioix of the Spanish chestnut bttk 
produoing the highest tint, and that of the Leiceaier 
willow bark the feeblest tint 

Two hundred grains of each of the infusions were 
t^uliniittcd to evaporation : and in this process the infu- 
sion of the oak bark furnished seventeen grains of solid 
matter ; that of the Leicester willow about sixteen and 
a half gnuDS j and that of the Spanish chestnut neari^ 
an equal quantity. 

The tannin given by these solid matters was, in that 
from the oak bark infusion, fourteen grains ; in that 
from the willow bark infusion fourteen and a hail^ 
grains; and in that from the Spanish chestnut bark 
infusion thirteen grains» 

The residual substances of the infiiaions of the Spanish 
chestnut bark, and of the oak bark, slightly reddened 
litmus paper, and precipitated the solutions of tin of a 
&WQ colour, and those of iron black. The residual 
matter of the infusion of the willow bark did not per- 
ceptibly change the colour of litmus ; but it precipitated 
the salts of iron of an olive colour, and rendered tuibid 
the solution of nitrate of alumine. 

The solid matters produced by the evaporation of 
the infusions, •rave, bv incineration, only a very small 
quantity of ashes, which could not have been more than 
y}.^ of their original weights. These ashes chiefly 
oonsbted of calcareous earth and alkali ; and the quan- 
tity was greatest from the infiision of diestnut baik. 

The infusions were acted on by the acids and the 
pure alkalies in a manner very similar to the infusion of 
galls. With the solutious of carbonated alkalies they 
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c^ave dense fawn-coloured precipitates. They were 
copiously precipitated bj the solutions of lime» of stroi^ 
tia, and of barytes ; and by lime^waler ia excem, the 
infiMKHM of oak and of cheafcnut baik seemed to be de» 
prived of the whole of the vegetable matter they held 
in solution. 

By bcino; boiled for some time with alumine, lime, 
and magnesia, they became aUnost colourless, and lost 
Cheur power of actii^ upon gelaUne end the salts of 
iron. After bdng heated with carbonate of lime and 
carbonate of magneiriaj diey were Ibmiid deeper coloured 
than before ; and though they had lost their power of 
acting on gelatine, they still gave dense olive-coioured 
precipitates with the salts of iron. 

In all these cases the earths gained tints of brown 
more or lees intense. 

When the compoond of the astringent principles of 
the infbsion of oak barit with lime, procured by means 
of lime-water, was acted on by sulphuric acid, n holutiou 
was obtained, which precipitated gelatine, and con- 
tained a portion of the vegetable principles^ and a 
certain qnanti^ of solphale of lime; a solid &wn<> 
coloured matter was likewise fenned, which appeived 
to be solphate of lime united to a little tannin and 
extractive ni jitter.* 

The solutions were copiously precipitated by solution 
of albumen. 

• M. Merat Guillot proposes a method of procuring pure tannin, 
(AniiiUes de Cliimic, torn. xli. p. 3*2o,) which consists in precipifating a 
solution of tan by lime-water, and decomposing^ it hy nitrio or muriatic 
acid. The solution of the solid matter ul>tained in this way in alcohol, 
be considers as a solution of pure tannin; but from the cxpcrhiicntB 
abOTe<4iwii«loiied, it appears Hitt It mwt eontiin, betktel tannin, some 
€i the cxtnctiTe matter of the btrk ; and it ma^ likewise contain saline 
Matter* 
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The precipitates they gave with gelatine were similar 
in their appearance; their colour at first was a light 
tinge of brown, but they became very dark by exposure 
to the air. Their composition was veiy nearly similar ; 
and, judging from the experiments on the quantity of 
gelatine employed in forming them, the compound of 
tannin and gelatine from the strongest infusion of oak 
bark, seems to consist, in the 100 parts, of 59 parts 
of gelatine, and 41 of tannin; that from the iiifusioD 
of Leicester willow bark, of 57 parts of gelatine and 
43 of tannin ; and that from the inftiaion of Spanish 
chestnut bark, of 61 parts of gelatine, and 39 of 
tannin. 

Two pieces of calf-skin, wliich weighed when dry 
120 grains each, were tanned; one in the strongest 
infusion of Leicester willow bark, and the other in the 
strongest infriaion of oak bark. The process was com- 
pleted, in both instances^ in less than a fortnight; when 
the weight of the leather formed by the tannin of the 
Leicester wUlow bark -svas found etpial to 161 grains; 
and that of the leather formed by the infusion of oak 
bark was equal to 164 grains. 

When pieces of skin were suffered to remain in small 
quantities of the infusions of the oak bark, and of the 
Leicester willow bark, till they were exhausted of their 
tanning principle, it was found, that thongh the residual 
liquors gave olive-coloured prccipiuucs with the soln- 
tions of sulphate of iron, yet they were scarcely ren- 
dered turbid by solutions of muriate of tin ; and there 
is every reason to suppose that a portion of their ex- 
tractive matter had been taken up with the tannin by 
the skin. 

1 attempted, in different modes, to obtain nncombincd 
gallic acid from the solid matter produced by the eva- 
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poratiou of the barks, but without success. When 
portions of this solid matter were exposed to the degree 
of heat that is required for the production of gallic acid 
from the Aleppo galls, no crystals were formed; and 
the fluid that came o^er gave only a brown colour to 
the solution of salts of iron, and was found to contain 
much acetous acid and cinpvreumatic oil. 

When pure water was made to act, in successive 
portions, upon oak bark in coarse powder, till all its 
soluble parts were taken up^ the quantities of liquor last 
obtained^ though they did not act much upon solution 
of gelatine, or perceptibly redden litmu.s paper, produced 
a dense black with the solution of sulphate of iron: by 
evaporation, they furnished a brown matter, of which a 
part was rendered insoluble in water by the action of 
the atmosphere ; and the part soluble in water was not 
in any degree taken up by sulphuric ether; so that, if 
it contained gallic acid» it was in a state of intimate 
union with extractive matter. 

Two pieces of calf-skin, which weighed, when dry, 
ninety-four grains each, were slowly tanned ; one, by 
being exposed to a weak infusion of Leicester willow 
baik, and the other, by being acted upon by a weak 
infusion of oak bark. The process was completed in 
about three months; and it was found, that one piece 
of skin lind gained in weight fourteen grains, and the 
other piece about sixteen and a half grains. This 
increase is proportionally much less than that which 
took place in the experiment on the process of quick 
tanning. The colour of the pieces of leather was 
deeper than that of the pieces which had been quickly 
tanned ; and, to judge from the properties of the resi- 
dual liquors, more of the extractive matters of the barks 
had been combined with them. 
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The experiments of Mr. Biggin * have shown, that 
similar barks, whcu taken from trees at different seasons, 
differ as to the quantities of taonm tbej contain : and I 
have observed, tfast the proportioiis of the astringent 
principles in barics ybxj conrideiaUy, according as their 
age and mxe are difierent; belles, these proportions 
arc often inlluenccd l)y aciIdciiLal circumstances, so 
that it is extreuRly di^cuit to ascertain their distinct 
lelations to each otiier. 

In evefy astringent bark, the interior white bark 
(that is, the part next to the albnmam) contains the 
largest quantity of tannin. The proportion of extractiTe 
matter is generally greatest in the middle or coiuured 
]>art : ljut the epidermis seldom iumishcs either tannin 
or extractive matter. 

The white cortical kyers are comparatively most 
abundant m young trees; and hence their baiks con- 
tain, in the same weight, a larger proportion of tannin 
than the barks of old trees. In barks of the same kind, 
but of diffen rit ages, which have been cut at the same 
season, the similar parts contain always very nearly the 
same quantities of astringent (Mrinciples; and the interior 
layers afford about equal portions of tannin* 

An ounce of the white cortical layers of old oak bark, 
furnished, by liziviation and subsequent evaporation, 
108 grains of solid matter; and, of this, seventy-two 
grains were tannin. Aii cunal (quantity of the white 
cortical layers of young oak produced 111 grains of 
solid matter, of which seventy-seven were precipitated 
by gelatine. 

An ounce of the interior part of the bark of Spanish 

chestnut, gave c iu;hty-niue grains of solid matter, con- 
taining sixty-three grains of tannin. 

• PbU. Tnm, Ibr 1 7S0, !». SSO. 
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The same quantity of the same part of the bark of 
the Leicester wiUow, produced 117 grains^ o£ which 
aerenly^iiiiie were tannin. 

An oonce of tbe colouied or external ocxrtical layeis 
fiom the oaky psrodnoed fiwty-three grains of solid 
mitter, of which nineteen were tannin. 

From the Spanish chestnut fortjr-one grains, ot which 
fourteen were tannin. 

And from the Leicester willow* thirty-lour grainsy d 
were tannnk 

In attemptiDg to ascertain die rdattre quantities of 
tannin in the difibrent eniirt baiiis, I selected those 

specimens which appeared similar with regard to the 
proportions of the external and internal layers, and 
which were ahout the average thickness of the barks 
commonly used in tanning, namely, half an inch. 

Of these barks, the oak pcodnced« in the quantity of 
an ounce, sixty-one grains of matter dissolved by water, 

of which twentv-niiic grains were tunnin. 

The Spanish chestnut, fifty-three grains, of which 
twenty-one were tannin. 

And the Leicester willow, seventy-one gndns, of 
which tfairty^three were tannin. 

The proportions of these quantities in respect to the 
tanning principle, are not very different from those 
estimated in Mr. Biggin's tiiblc,* The residual sub- 
stances obtained in the difierent experiments diilered 
considerably in theur pn^>erties ; but certain portions of 
them were, m all instances, rendered insoluble during 
die pfocesB of evaporation. The residuum of the 
chestnut bark, as in the instsnce of the strongest infu- 
sion, possessed slightly acid properties, but more than 
three-quarters of its weight consisted of extractive 

• Phfl. Tmm. Ibr 1799« p. m 



Digitized by Google 



280 EZPEBIMBNTS ON THE OONSnTUSITT PARTS OF 

matter. All the residuuiDs in solution, as in the other 
cases, were piecipitated by muriate of tin; and after 

this precipitation the clear fluids acted mucli more feebly 
than l>cfore on the salts of iron ; so that there i? <rreat 
reason for believing that the power of astringent infu- 
sions to precipitate the salts of iron, black or dark* 
coloured, depend partly upon the agency of the ez- 
tractiye matters they contain, as well as upon that of 
the tanning principle and gallic acid. 

In pursuing tiie experiments upon tlie different 
astringent infusions, I examined the infusions of the 
bark of the elm and of the coounon willow. These 
tnfiisions were acted on by reagents, in a manner 
exactly similar to the incisions of the other barks; they 
were precipitated by the acids, by solutions of the 
alkaline earths, and of the carbonated alkalies : and 
they formed with the caustic alkalies, fluidb not preci- 
pitable by gelatine. 

An ounce of the bark of the elm fiimlshed thirteen 
grains of tannin. 

The same quantity of the bark of the common willow 
gave eleven grains. 

The re>itliial matter of the bnrk of the elm contained 
a considerable quantity of mucilage ; and that of the 
bark of the willow, a small quantity of bitter principle. 

The strongest infiisions of the sumachs f^om Sicily 
and Malaga^ agree with the infiisions of barks, in most 
of their properties; but they differ from all the other 
astringent mfusions that have been mentioned, in one 
respect ; they give dense precipitates with the caustic 
alkalies. Mr. Proust has shewn that sumach contains 
abundance of sulphate of lime ; and it is probably ta 
this substance that the peculiar effect is owing. 

From an ounce of Scilian sumach, I obtained 16S 



Digitized by 



BOMB Affmmmn vxoBrABtBd. 



381 



grnns of matter BoAuUe in water» and of this matter 
fleventj-eight gr^uns were taoniiL 

An ounce of Maliiga sumach produced 156 grains of 
soluble matter, of which seventj-nine appeared to be 
tannin. 

The infusion of MyrobalaD8»* from the East Indies^ 
differed from the other astrmgent infusions chiefly by 
the circumstance that it effervesced with the carbonated 

alkalies ; and it gave with them a dense precipitate that 
was almost immediately redissolved. After the tannin 
had been precipitated from it by gelatine, it strongly 
reddened litmus paper, and gave a bright black with the 
solutions of iron. I expected to be able to procure 
galUc acid, by distillation, from the Myrobalans; but in 
this I was mistaken ; they frurnished only a pale yellow 
fluid, which gave merely a slight oUve tinge to solution 
of sulphate of iron. 

Skin was speedily tanned in the infusion of the 
Myrobalans; and ^e appearance of the leather was 
similar to the appearance of that from galls. 

The strongest infrifflons of the teas are very nmilar in 
their agencies upon chemical tests, to the infusions of 
catechu. 

An ounce of Souchong tea produced 48 grains of 
tannin. 

The same quantity of green tea gave 41 grains. 

Dr. Maton has observed, that very little tannin is 

loiiiid in cinchona, or in the other barks supposed to be 
possessed of fibrifiigc properties. My experiments tend 
to conhrm the observation. None of the infusions of 
the strongly bitter vegetable substances that I have 
examined, gave any precipitate to gelatine. And the 

• Tlif Mvrohalaiis used in tlu^u exporiiiienU are the fruit of the Ter- 
nuaalut C'bebula. — Ketz. Ob», hot. Fa»c. v. p. 31. 
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Infusions of quaastiH iji geatiao* of hope, md of ciOBK^ 
mile> are acaicely affiscted by muriate of tin ; ao thai 
they likewise contain veiy little extiactive matter. 

In all substances possessed uf tiic asLringent taste, 
there is great reason to suspect the presence of tauiiin : 
it even exists in substances which contain sugar and 
vegetable acids. I have found it in abundance in the 
juice of sloes; and my fiiend Mr* Poole, of Stowey^ has 
detected it in port wine. 

6. General Observations, 

Mr. Proust has supposed in his paper upon tannin 
and its species/ that Uiefe exist different species of the 
tanning principle^ possessed of different ptopertiee^ and 
different powem of acting upon reagents, bi^ all prect* 

pitable by gelatine. This opinion is sufficiently con- 
fer n table to the facts jO^nerally kno\vn concorninf^ the 
nature of the substances which are produced in oi^ga- 
nbed matter ; but it cannot be considered as prored, 
till the tannin in dilSerent vegetsUes has been examinwl 
in its pure or insulated state. In all die vegetable 
infusions which have been subjected to experiment, it 
exists in a stale of union with other principles; and its 
properties must necessarily be modified by the peculiar 
drcumstances of its combination. 

From the experiments that have been detaUed^ it 
appears, that the specific agencies of tannin in aU the 
different astringent infusions are the same. In every 
instance, it capable of enterins^ into union "with the 
acids, alkalies, and earths; and of forming insoluble 
compounds with gelatine and with skin. Theinfiisiona- 
of the barks affect the greater number of rsagenta in a 
manner amUar to the infusion of galls ; and, that this 

* Auitales de Cliimie, torn. xU. p. S9i. 
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ket inid k wndeved gieen by tJie catboaated aikaliefl^ 
mdmilj depends upon the large proportion of gallic 

acid it contains. The infasiou of sumach owes its 
characteristic property, of being precipitated by the 
caustic alkalies, to the presence of sulphate oi lime ; aud, 
that the aolutioiia of catechu do not copiously |^^pi* 
tale the carbonated alkaUes^ ^pean to depend upon^ 
iheir contaimng tannin in a peeoliar state of union with 
extractive matter, and uucombined witii gailic acid or 
earthy salts. 

In malring Soma experiments upon the a&nities of 
the tanning jNincipIe, I found that all the earths were 
eapaiUe of attracting it from the alkalies^ and, so great 
is their tendency to combine with ity that by means of 
them, the compound of tannin and gelatine may be 
decomposed witiiout much difficulty; for, after piwe 
magnesia had been boiled tor a lew hours with diis sub* 
stanoe difiused through water, it became <^a red-brown 
colonr, and the inid obtained by filtration produced a 
distinct precipitate with solution of galls. The acids 
have less affinity for tannin than for gelatine ; and, in 
cases where compounds of the acids and tannin are 
acted on by solution of gelatine, an equilibrium of 
affinity is estahhshed, in consequence of which, by iar 
Ae greatest qnantt^ of tannin is carried down in the 
insoluble combination. The different neutral salts have, 
comparatively, feeble power of attracdon for die tanning 
principle ; but, that the precipitation which they occa- 
sion in astringent solutions, is not simply owing to the 
cbciimstsnce of their uniting to a portion of the water 
which held the ratable substances in scdntion, is 
evident from many ftcts, besides those whida have been 
already stated. The solutions of alum, and of some 
other salts which are less soluble in water than tannin. 
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producci in many astringent inftinons^ precipitates as 
copious as the more soluble saline matters ; and salphate 

of lime, and other earthy neutral compomuls, which are, 
comparatively speaking, insoluble in water, speedily 
deprive them of their tanning principle. 

From the different &ct8 that have been stated^ it is 
evident that tannin may exist in a state of combination 
in different substances, in which its presence cannot be 
made evident by means of soluLiou of gelatine \ and, in 
this case, to detect its existence, it is necessary to have 
xecourse to the action of the diluted acids. 

In considering the relations of the different &ct8 that 
have been detailed^ to the processes of tanning and of 
leather-making, it will appear sufficiently eyident, that 
when skin is tanned in astringent nifusions that contain, 
as well as tannin, extractive matter, prinlons of these 
matters enter, with the t^^nnip^ into chemical combina- 
tion with the skin* In no case is there any reason to 
believe that gallic acid is absorbed in this process ; and 
Bi. Seguin's ingenious theory of the agency of this sub- 
stance, in producing the deoxygcnation of skin, seems 
supported by no proofs. Even in the formation of 
glue trom skin, there is no evidence which ought to 
induce us to suppose that it loses a portion of oxygen ; 
and the effect appears to be owing merely to the sepa- 
ration of the gelatine, from the small qnanti^ of albumen 
with which it was combined in the organised form, by 
the solvent powers of water. 

The ditieient (juahties of leather made with the same 
kind of skin, seem to depend very much upon the dif- 
ferent quantities of extractive matter it contams. The 
leather obtained by means of inftunon of galls, is gene- 
rally found harder, and more liable to crack, than the 
leather obtained firom the infusions of barks : and, iu 
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all cases, it contains a much laiger proportion of tamuD» 
and a smaller prop<»tion of extractm matter. 

When skin is very slowly tanned in weak solutions of 

the barks, or of catechu, it combines w hh a considerable 
proportion ot extractive matter; and, in these cases, 
thoup^h the increase of weight of the skin is compara- 
tiyely small, yet it is rendered perfectly insoluble in 
water ; and is found soft, and at tibe same time strong. 

The saturated astringent inibnons of barks contain 
much less extractive matter, in proportion to their tan- 
nin, than the weak infusions ; and, ^vhen skin is 
quickly tanned in them, common experience shows 
that it produces leather less durable than the leather 
slowly formed. 

Besides, in the case of quick tanning by means of 
in&sions of barks, a quantity of vegetable extracdve mat- 
ter is lost to tliti manutacturcr, which mit^ht have been 
made to enter into the composition of his leather. These 
observations show, that there is some foundation for the 
Tolgsropinion of workmen^ concerning what is technicallj 
called the feeding of leather in the slow method of tan- 
ning ; and, though the processes of the art may in some 
cases be protracted for an unnecessary length of time, 
yet, in general, they appear to have arrived, in conse- 
quence of re]>eated practical experiments, at a degree of 
perfection which cannot be veiy far extended by means 
of any elncidadons of theory that have as yet been 
made known. 

On the first view it appears singular that, in those 
cases of tanning where extractive matter forms a certain 
portion of the leather, the increase of weight is less 
than when the skin is combined with pure tannin ; but 
the fact Is easily accounted for, when we consider that 
the attraction of skin for tannin must be probably 
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weakened by its union ^vith extractive matter; and, 
whether we suppose that the taoiun and extractive 
matter enter together mto comtbanatioii with the matter 
of skin, or unite with separate portums ef it^ etiU, in 
either case, the primary attractioii of taimin for skin 
must be, to a certain cxteiiL, diiniuished. 

In examining astrinj^ent vet^ctables in relation to 
their powers of tanning skin^ it is neceasaij to take into 
account^ not only the quantity they contain of the 
subiiance piecipitahle by gebdne^ but likewise the 
quantity, and the nature, of the extractive matter ; and* 
in cases of comparison, it is essential to employ infusions 
pf the same degree of concentration. 

It is evident, from the experiments detailed in the 
third section, that of all the astringent substances which 
iiave been as yet examined, catechu is that which cod^ 
tains the laigest proportion of tannin: and, in sup- 
posing, according to the common estimation, that from 
four to five pounds of cominon oak bark are rcijuired to 
produce one pound of leather, it appears, from the 
various synthetical eiqierimentSy that shout half a pound 
of catechu would answer the same purpose.* 

AIso> allowing for the difieienoe in the composition 
of the different kinds of leather, it appears, from the; 
general detail of facts, tbat one pound of catc ehu, for 
the common use of the tanner, would be nearly equal 
in value to 2^ potmds of galls, to 7^ pounds of the baik 
of the Leicester willow^ to 11 pounds of the bark of the 
Spanish chestnut^ to 18 pounds of the bark of the elm, 

• Ttbt estimation agrees very well with the experiments lately made 
by Mr. Parkis, upon Uie tuuiing powen of Bombay catechu in the 
pvooesMf of maauatttuK, and which he ha§ pormltted mo to mention. 
Kr. PnrUt fonad, by the imalU of diiBerent aoeiurate esperimento, Htmt 
one ponnd of catechn ww equivalent to Beren or ei|^t of oak baik. 
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to 21 poimds of the hmk of &e common irallowy and to 
3 pomda of mndk . 

Vorioiis menttnimiui hai^e been proposed for the pur- 
pose of expediting and iiaproN inpj the process of 
tanning, and aiaongst them, lime-water and the solu- 
tions oi' pearl-ash; but as these two substsnces form 
compooDidB of tannm wbich ore not deoomposahle by 
gektine;^ it fiiUowB ^t their effect must be highly per- 
nicioas ; and tfaete is very Dtde Teason to 8up|)ofle that 
any bodies will be found which, ;iL Liie same time tliiu 
they iiiciea.se the boliil>ility of tannin in water, will not 
likewise diminish its attractioii for skin. 



OBSEEYATIONS OH THE PBOCESS OF TAICNINQ. 

1. On tlie Freparation of Shin for Tamuuy.* 

Iir all the proceases fcft firming leather, the ddns are 

depilated, and treed from flesh and extraneous matter 
beibrc they arc submitted to the action of the tanning 
lixivium. In some cases, when large skins are em- 
ployed, a alight degree pntre&ction is induced, for 
the purpose €ii enabling the hair to be readily separated; 
bat in genetal this elfect ia produced by a mistnre of 
hnie aatl water. 

The process by putreiactiou is bu simple as to require 
no comment: the epidermis is loosened by it, and the 
celliilar substance that constitutes the b«ilb of the hair 
aofieDed in snch a manner that it may be easify separ 
fated from the cuds or tnie skin* 

* [From the JoumaU of the Royal Institution, 1803.] 
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Wlicn lime is emploved, it has been generally sup- 
posed that it acts by destroying the epidermis, so as to 
render it soluble in iroter. This, howeTer^ does not 
appear to be the case: I exposed to two ofmoes of 
lime-water four grains of epidermis, separated from 
cow-skin, and which had been freed firom loose mois- 
ture by blotting-paper ; but after five days, it apjieared 
rather of larger volume than before ; and instead of 
having lost any weight, I found that it had gained very 
nearly half a grain. 

The epidermis has been supposed to consist of coa- 
gulated albumen. In comparing its properties widi* 
those of the coagulated ^vilite of the egg, there was 
a striking analogy jxirceived between them : both were 
soluble in the caustic alkalies by long exposure, and 
were acted upon by the acids. 

In examining the circum«tance of the action of lime* 
water, and of milk of lime, upon skin, I hare always 
observed that the cuticle is rendered extremelv loose 
and friable after this action ; from which it is probable 
that it combines with the lime, so as to form an in- 
soluble compound. This may be observed indeed in 
washing the hands with lime-water: the catide be- 
comes extremely rough and dry ; whereas, alter the 
action of weak alkiiline solutiuus, wiiicii form soluble 
compounds with it, it is found smooth. 

Not only the epidermis, but likewise the soft matter 
at the extremity of the hair, is acted upon by lime ; and 
this effect must tend consideiahly to fariKtate the pro- 
cess of depilation. Likemse the &t and oily matter 
adhering to the skin, form saponaceous conipoundb with 
the earth, and these compounds aie removed with other 
extraneous matter, before the skins are submitted to any 
new chemical agents. 
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It has been proposed to use the residuum of the 
tapping lixivium, or the exhausted ooze, for the pur* 
pose of depilatiott ; but this liquor seems to contaip po 
substances capable of acting upon the epidenpis^ or of 
loosening the hair; and when skin is depilated bj being 
exposed to it, the effect must really be owing to inci- 
pient putrefaction. 

Skins, after being depilated and cleansed, are in this 
country generally subjected to other processes of pre- 
paration before they are impregnated with the tanpipg 
principle. 

The large and thick bides which have undergone 
incijiicnt putrefaction, are intrudueed for a short time 
into a strong infusion of bark, when they are said by 
the mantifacturers to be coloured; and after this they 
are acted upon by water impregnated with a little sul- 
phuric add, or acetous add formed l)y the fermentation 
of barley or rye. In this case they become harder and 
denser than before, and fitted, alter being tanned, for 
the purpose of forming the stouter kinds of sole-leather. 
The acids are capable of combining both with skin and 
with tannin ; and it would appear that» in this process^ 
a triple combination must be effected on the surface of 
the skin, though from theory one should be disposed to 
conclude that tlie interior prut could be little modi- 
fied in consequence of the colouring, and the action of 
the acids. 

The light skins of cows, the skins of calves, and all 
small skins, are treated in a veiy di&rent way, being 
submitted for some days to the acdon of a lixivium, 

called tlie <z;iaiiier, made by the iiiiuyiou of pigeons' 
dung in water. After this operation, they are found 
thinner and softer than before, and more proper Ibr 
pioducing fleidble leather, 

TCI.. IL o 
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When the iufusion of pigeons' dung is examined| 
after being freshly made, it is found to contain a little 
carbonate of ammonia ; but in a ahort time it undergoes, 
fermentation, when carbonic acid and hydro-carbonate 

are given out by it, and a .Niuall c|uamitv oi acetous acid 
formed. The alkali in the jrraiiier may probably have 
some action upon the skin ; it may be supposed to free 
it from any oils or calcareous soaps that remained 
adhering to it ; but the great effect probably depends 
upon the complicated process of fermentation, during 
wluLh the skin loses its elasticity, and becomes soft; 
and it is found hv tanners, tliat dnnti >vhieh lias under- 
gpne fermentation is wholly unlit for their use. 

I have tried several experiments on different sub- 
stances, as substitutes for the pigeons* dung used in the 
grainer, but without gaining successftd results. Very 
weak solutions of carbonate of ]^otash and carbonate of 
anuHuiiia seemed to solu n considerahlv small pieces of 
skin that liiul been depilated by lime; but when they 
were tried by Mr. Purkis^ in the processes of manofiie- 
tare, the effects were less distinct In the western 
counties of England the excrement of dogs is employed 
instead of pigeons* dung, and culver or the dunp; of 
fowls is in common use. The dung of grauunivurous 
quadrupeds enters only slowly into fermentation, and it 
is not found efficadoos in the process. 

2. Om ImjjreffnaHan of S^n teith the Tatminff 

Prindph, 

The taiuung lixivium or ooze is p^enorallv rn:idc In 
this countrj^ by infusing bruised or coarsely powdered 
oak bark in water. 

Skins are tanned by being successiyely immersed io 
lixiyiums, saturated in different degrees with the astrin- 
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gent principles of the bark. 1 lie lixiviimis lii-st cm- 
ployed are usiiallv weak ; Ihu ior the cuiupletioa of the 
process thejr are made as strung as possible* 

In the process of taaniDgy the bIuq gains new chemi- 
cal properties; it increases in weighs and becomes 
insolnUc in boiling water. 

The infusions of oak bark, when chemically examined, 
are found to contain two |)ritici|>al substances; one is 
precipitable by solution of gelatine, made ironi glue or 
isinglass; and gives a dense black with solution of 
common sulphate of iron. The other is not thrown 
down by solution of gelatine; bat it precipitates the 
salts of iron of a brownish black, and the salts of tin of 
a fawn colour. 

The substance precipitable by solution of geliUinc is 
the tanning principle^ or the tannin of Seguin. It is 
essential to the conversion of skin into leather, and in 
the process of tanning it enters into chemical union 
indi the matter of skin, so as to form with it an insolu- 
ble compoiuid. The other substance, the substance not 
prccipitabie by gelatine, is the colouring or extractive 
matter; it is capable of entering into union with skin^ 
and it gives to it a brown colour; but it does not 
render it insoluble in boiling water. 

It has been usually supposed that the infusion of oak 
bark contains a peculiar acid called gallic acid ; but 
buiue late experiments render this opinion doubtful : 
and tins principle, if it exists iu oak bark^ ia in intimate 
combination with the extractive or colouring matter. 
. In the conmion process of tannin|^ the skin* which is 
oinefy . composed of gelatine, slowly combines in its 
organised form with the tannin and extractive matter of 
the iniusions of bark ; the greater proportion of its 
increase of weight is, however^ owing to tannin, and it 

o2 
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is from this substance the leather derives its charao 
teiistic properties ; bat its colotur, and the degree of its 
flexibility, aj^pcar to be influenced by the quantity of 
colouring matter that it contains. 

When ^kiii, in large quantity, is suffered to exert its 
full action upon a small portion of infusion of barky 
containing tannin and extractive matter^ the fluid is 
firand colourless. It gives no jwecipitate to solution of 
glue^ and produces very little efkei upon the salts of 
iron or of tin. 

The tanning principle of oak bai k is more soluble in 
water than the extractive matter. And the relative 
proportion of tannin to extractive matter is much greater 
in strong infusions of oak bark, Uian in weak ones ; and 
when strong infusions are used for tanning, a larger 
proportion of tannin is combined with the matter of 
skin. 

For call' skins, and lijjht cow-skins, \vliich arc usuallj 
prepared in the graiuer, weak lixiviums are used in the 
first part of the process ; but thick ox-hides, for the 
purpose of stout sole-leather, are generally kept in 
strong ooze, preserved constantly in a state i^fiprosching 
to saLuraLion by means of strata of bark. 

Calfskins, and liirlu cow skins, in the usual ])rocess, 
require for their lull impregnation Avith tannin from 
two to four months, but thick ox-hides demand £rom 
ten to eighteen months. 

In any case the state of the skin with regard to im- 
pregnation with tannin may be easily judged of, if it be 
cut ti ^ul^^ (Tscly with a .^liarp knii'e : in this ca^ the 
tanned part appears of a nutmeg colour; but the un- 
impregnated sk'm retains its whiteness. 

The tanned hides designed for sole-leather, are, while 
diying, generally smoothed with a stout steel pin, andL 
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beat with a mallet. By this process they arc rendered 
denser^ iiriucr^ and less permeable to water. Caif-^kins 
are not subjected to the operation of beating; and thej 
ace treated in different wajra by the carrier^ according aa 
thej are needed for different porpoaes. 

3* General Remarks relaUng to Ifte proeeues cf Tannittff. 

A very great number of vegetable productions, 
besides the oak bark, contain the principle essential to 
the conversion of akin into leather : gal]% sumach, the 
bark of the Spanish chesnnt, of the elm, of the common 
willow, and of the Leicester willow, the branches of the 
myrtle, toruientil, and heaiii, iiuve all been used in the 
process of tanning. 

Diderent methods have been proposed for estimating 
the qnanti^ of tannin in difierent vegetable produc- 
tions Tannin by being dissolved in water, increases 
its specific gravity, and the hydrometer has been used 
for estimating the strength of the tanning ooze. The 
results given by this insti ument arc, however, often 
fallacious in comparative experiments, in consequence 
of the presence of extractive matter, and of saline sub- 
stances ; and the action of the solution' of gelatine 
affords the best indication of the quantity of the tan- 
ning principle. 

The solution of prclatine most proper for the general 
purposes of experiments, is made by dissolving an 
ounce of glue or of isioghias, in three pints of boiling 
water. 

The substance to be examined as to its tanning 

power, may be used in the quantity of two ounces ; it 
should be in a state of coarse powder, or in small frag- 
ments. A quart oi boiling water will be suiiicient to 
dissolve its astringent prindples. 
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The solution of <;Uie, or gelatine, must be poured into 
tile astringent iniusion, till the effect of the precipitation 
is at an end. The turbid liquor must then be passed 
through a piece of blotting-paper^ which has been before 
weighed. 

When the precipitate has been collected, and the 

paper dried, the increase of weight is determined, and 
about two-fifths of this increase of Avcight may be taken 
as the quantitj of tannin in the ounce of the sub- 
stance examined. 

When solution of gelatine cannot be obtained, a 
solution of albumen may be used* It is made by agi- 
tating the white of an egg in a pint of cold water. It 
does not putrefy nearly so readily as the solution of 
glue« and it may be employed with equal advantage in 
experiments of comparison ; but the composition of the 
precipitates it forms with tannin» has not as yet been 
ascertained 

The tanning principle in different vegetables is pos- 
sessed of the same general characters : but it oflen 
exists in them in states of combination with other sub- 
stanoes. 

In gplls it is in union with gallic acid. In sumach 
it is mixed with saline matter, particulariy sulphate of 
lime ; and in the greater number of barks it is in com- 
bination with mucilage aud difiereut extractive and 
colouring matters. 

Leather tanned by means of different astringent in- 
^sionsy differs considerably in composition; but it 
seldom contains more than one-third of its weight of 
yegetable matter. 

Gallic acid, and salme matters in general, in casc< 
when they are combined with tannin, are not absorbed 
with it by skin ; but they xemaim in their primitive 
£>rm8« 
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The leather made iVom infusions of Aleppo galls, and 
of sumach, is composed probably of pure tauaia and the 
matter of skim Ita colour is Terj pale^ and the locreaee 
of wei^^t 10 greater than in moat other caaea 

ExtnctiTe, or colouring mattevsy in cases where they 
exist in astringent iniusions, as in the instance of oak 
bark already nieiitiuncd, arc wholly or partly absorbed 
with the tannin by the skiu. The leather from harks in 
general is oolouredy and contains different proportions 
of estractiTe niatter. Of all the substances that have 
been examined as to their tanning propcrtiefly catechu 
or terra japonica, is that whidi is richest in the tanning 
principle. Tiii^ substance is the extract of the wood of 
a species of the mimosa, which grows abundandy in 
India ; and calculatmg on its price, and on the quan* 
tities in which it may be procured^ there is great reason 
to belieye that it may be made a valuable article of 
oommeroe. 

la a paper published in the Pliiiusophical Trans- 
actions for 1803, a statement is ^nven of the compara- 
tive ¥alue of di^erent astringent suhstancci^ oak bark 
being considered a standard* 

The attraction of tannin for water is much stronger 
than that of any other of the principles usually found in 
astringent vegetables ; and the saturated infusions ob- 
tained from substances containing very different pro- 
portions of astringent matters, are usually possessed of 
the same degree of strength with regard to the tanning 
powers. 

When saturated solutions of the tanning principle are 

used in the process of manufiicturc, the leather is tan- 
ned in a much shorter time than in the common ope- 
xatiou with weaker infusions. The rapid method of 
tanning has been recommended by Mr. Seguin ; and is 
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ably described iu a pamphlet publislied by Mr. Des- 
mond. 

It has however been generally observed, that Icatiier 
too quickly tanned is more rigid, and more liable to 
mck than leather slowly tanned. And there is every 
reason to betieve that its texture must be less eqnable, 

as the exterior strata of skin would be perfectly com- 
bined with tannin before the interior strata were ma- 
terially acted upon : and the want of colouring or ex- 
tractive matter in the strongest lixivium, in many cases 
must affect the nature of the leather. 

The substances used for tanning should, in all casesi 
be preserved in as dry a state as possible before they are 
used. When they arc exposed to moisture and air, the 
tanning principle by degrees is destroyed in them, and 
for the most part converted into insoluble matter. 

The process of drying bark by heat, when carefully 
conducted, must, as ^ere is great reason to believe, on 
the whole be advantageous. The tanning principle is 
not destroyed at a temperature below 400°. And in 
fresh vegetable substances, tanning appears to be some- 
times developed or formed by the long application of a 
low heat: diis fact I obeyed with my friend Mr. 
Poole in September, 1802, with regard to acorns ; and 
I have once made the same remark upon the horse* 
chesnut 
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AN ACCOUNT OF SOME ANALYTICAL EXPERIMENTS ON A 
MINERAL PRODUCTION FROM DEV0N9HIRB, CONSISTING 
PRINCIPALLY OF ALUMINE AND WATER** 

L PreHminary Ohservaiiom, 

This fossil was ibund many years ago by Dr. Wavel, 
in a quany near Barnstaple : Mr. Ilatchett, who visited 
the place in 1796^ described it as 611iiig some of the 
cavities and veins in a rock of soft argillaceous schist 
When first made known, it was considered as a zeolite ; 
Mr. Hatchctt, however, concliulod from its p^eological 
position, that it most probably did not belong to that 
daas of stones; and Dr. Babington, from its physical 
characters, and from some experiments on its solution in 
add, made at his request by Mr. Stockier, ascertained 
that it was a mineral body, as yet not described, and 
that it contained aconsideiabie proportion of aluminous 
earth. 

It is to Dr. Babington that I am obliged for the 
opportonity of making a general investigation of its 
chemical nature ; and that gentleman liberally supplied 
me with specimens for analysis. 

n. Sensible Characters of the Foisil, 

The most conimon ap]^carance of the foSvsil is in s>niall 
hemispherical groups of crystals, composed of a number 
of filaments radiating from a common centre, and 
inserted on the surfiu» of the schist; but in some 
instances it exists as a collection of irregularly disposed 

• [From Phil. Trana. for 180&.J 
06 
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prumu forming small veins In the stone: as yet I 

bclicvo, no insulated or distinct crystal lias been found. 
Its colour is wliiu*, in a few cases with a tinge of gray 
or of green, and iu some pieces (apparently begiimiiig 
to decompose) of yellow. Its lustre is silky ; some of 
the specimens possess semi-transparency, but in general 
it is nearly opaque* Its texture is loose, but its small 
fragments possess great liarducss, so as to scratch 
agate. 

It produces uo effect on the smell wbeu breathed 
upon, has no taste, does not become electrical or phoe* 
pborescent by heat or friction, and does not adhere to 
the tongue till after it has been strongly ignited. It 
does not decrepitate before the flame of the blow-pipe ; 
but it loses its hardness, and becomes quite o])aque. 
In consequeuce of the minuteness of the portions iu 
which it is found, few of them exceeding the siie of a 
pea, it is very di£&cult to ascertain its specific gravity 
with any precision ; but fixun seTend trials I am disposed 
to believe, that it does not exceed 2*70^ that of water 
being considered as 1*00. 

III. Chemical Oiaracters of tfie I'ossiL 

The perfectly white and semi-transparent specimens 
of the fossil are soluble both in the mineral acids and 
in fixed alkaline lixivia by heat^ without sensibly effer* 
vcscing and without leaving any notable residuum; 
but a small part remains uiuiissolvcd, when coloured or 
opaque specimens arc exposed lo the alkaline lixivia. 

A small semi-transparent piece, acted on by the 
highest heat of an excellent forge, had its crystalline 
texture destroyed, and was rendered opaque; but it 
did not enter into fiision. After the experiment it 
adhered strongly to the tongue, aud was found to have 
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lost more than a fourth of its weight Water and 
alcohol, whether hot or cold, had no effect on the fossil. 
When it was acted on by a heat of itom 212° to 600° 
Fahrenheit in a glass tahe, it gave out an clastic vapour^ 
which when condensed appeared as a dear fluid posses- 
aing a slight epjreumatic smelly bat no taste d^eient 
from that of pure water. 

The solution of tlie fossil in sulphuric acid, when 
evaporated sufficiently, deposited crystals which ap- 
peared in thin plates, and had all the properties of 
snlphate of alumine ; and the solid matter, when re^U»- 
solved and mixed with a little carbonate of potash, 
slowly deposited octahedral crystals of alam. The 
solid uuUter preciiHtated from the sokuion ot the white 
and se mi-tran spare 11 L fossil in muriatic acid, was in no 
manner acted upon hy solution of carbonate of 
ammonia, and therefore it could not contain any glu-* 
one or ittria; and its perfect solubility without lesi* 
damn in alkaline lixiria shewed that it was alumine. 

When the ojiacjuc varieties of the fossil ivere fully 
exposed to the ^cncv of alkaline lixivia, the residuum 
never amounted to more than one-twentieth part of the 
weight of the whole* In the white opaque variety, it 
was merely calcareous earth, for when dissolved in 
mmriatic acid, not in excess, it gave a white precipitate 
when mixed with solution of oxalate of ammonia, and did 
not affect solution of prussiate of potash and iron. 

In the green opaque variety, calcareous earth wa« 
indicated by solution of oxalate of ammonia; and it 
contained oxyde of manganese ; for it was not precipi- 
tated by solution of ammonia ; but was rendered turbid, 
and of a grey colour, by solution of prussiate oi potash 
aiid iron. 

The residuum of the alkaline solution of the yellow 
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variety, when disBolved in nmriadc acid, produced a 
small quantity of white solid matter when mixed with 
the solution of the oxalate of ammonia, and gave a light 
yellow precipitate by exposure to ammonia; but after 
thifly when neutralized^ it did not afiect pruaaiate of 
potash and iion^ ao that its colouring matter^ as there ia 
every reason to believe, was ^i^dc of 

rV. Anah/sis of the FasfiL 

Eighty grains of the f()->i], consistuig of the whitest 
and most transparent part» that could be obtained, were 
introduced into a small glass tube, having a bulb of suffi- 
cient capacity to receive them with great ease. To the 
end of this tube, a small glass globe attached to another 

tube, communicating with a pneumatic meicurial 
apparatus;, wui» joined by fujsion by means of the blow- 
pipe. 

The bulb of the tube was exposed to the heat of 
an argand-lamp ; and the globe was preserved cool by 
being placed in a vessel of cold water. In consequence 

of this arrangement, the fluid disengaged by the heat, 
beraino ctuidensed, and no elastic matter couid bo lost. 
The process was continued for half au hour, when the 
glass tube was quite red. 

A very minute portion only of permanently elastic 
fluid passed into the pneumatic appaiatua, and when 
examined, it proved to be common air. The quantity 
of clear fluid collected, wl icn poured into another ycsscI, 
w^eighed 19 grains, but when the interior of the apparatus 
had been carefully wiped and dried, the whole loss indi- 
cated was 21 graina The 19 grains of fluid had m 
laint smeU, similar to that of burning peat; it was 
transparent, and tasted like distilled water; but it 
slightly reddened htmus paper. It produced no cloudi* 
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ncss in solutions of muriate of baiytes, of aeeUte uf lead, 
of nitrate of silver, or of sulphate of iron. 

The 59 grains of solid matter were disfioived in 
diluted sulphuric acid, which left no residuum; and the 
sedation was mixed with potash, in sufficient quantity to 
cause the alumine at first precipitated again to dissolTe. 
What remained undissolved by potash, after being col- 
lected, and properly washcci, was heated strongly and 
weighed ; its quantity was a grain and a quarter. It was 
white» caustic to the taste, and had ail the properties of 
lime. 

The solution was mixed with nitric acid till it 
heeame smar* Solution of carbonate of ammonia was 

then poured into it till the effect of decomposition 
ceased. The whole thrown into a filtrating apparatus 
left solid matter, which when carefully washed and 
dried at the heat of ignition, weighed 66 grains. They 
were pure alumine: hence, the general results of the 
experiments, when calculated upon, indicated fi>r 100 
parts of this spccimcu. 



Of alumine 70 

Of lime 1-4 

Of fluid 26 -2 

Loss , 2^ 



The loss I am inclined to attribute to some fluid 
remuning in the stone after the process of distillation ; 

for I have fouiul, iVuiu several cxi)eriments, that a red 
heat is not sufficient to expel ail the matter capable of 
being volatilized, and that the full eii'ect can only be 
produced by a strong white heat. 

Fifty grains of a very transparent part of the fossil, 
by being exposed in a red heat for fifteen minutes, lost 
13 grains ; but when they were heated to whiteness, the 
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deficiency amounted to 15 grains^ and the'ctie mi 

similar in otlier trials. 

Different specimens of the fossil were examined with 
great care, for the purpose of ascertaining whether any 
minute portion of fixed alkali existed in them ; but no 
indications of this sobstanoe could be observed; the 
processes were conducted by means of solution of the 
unaltered fossil in nitric acid ; the earths and oxydes 
were precipitated from the solution by being boiled 
with carbonate of amnmuia ; and alter their separation, 
the fluid was evaporated to diynessi and the nitrate of 
ftrnwiAfiU decomposed by heat» when no residuum 
occurred. 

A comparative analysis of 30 grains of a very peUn* 

cid specimen was made by solution in lixiviuui of potash. 
This s})ecimcn lost 8 grains by iong continued ignition, 
after which it easUy dissolved in the lixivium by heat, 
leaving a residuum of a quarter of a grain only> which 
was red oxyde of iron. The precipitate from the sohi- 
tion of potash, made by means of muriate of amm<mla» 
weighed, when properly treated, 21 grains. 

Several s])ccimens were distilled in the manner above 
described^ and in all cases tiic water collected had 
similar properties. The only test by which the pre- 
sence of acid in it could be detected^ was litmoa paper ; 
and in some cases the efiect upon this substance was 
barely perceptible. 

v. Gfenerai Ohservaiiona, 
I have made several experiments with the hope of 
ascertaining the uature of the acid matter in the water ; 
butfirom the impossibility of procuring any considerable 
quanti^ of the fossil, they have been wholly unsacoesBfuL 
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It fl» however, endent from the experiments aheadj 

detailed, that it is not one of the known mineral acids. 

I am disposed to believe, from the minuteness of 
its proportion, and from the differenee of this proportion 
in dificrent cases, that it is not essential to the compo- 
sition of the stone ; and that, as well as the ox jde of 
manganese, that of iron, and the lime^ it is only an acci- 
dental ingredient, and on this idea the pure matter of 
the fossil must be considered as a clieniical conibinatiuii 
of about thirti/ p/irfy nf' irnfrr, and scrndy of aliuniite,'* 

The experiment ot M, Theodore de Saussure on the 
pveeipitation f of alumine from Us solutione^ have de- 
monstrated the aflinitj of this body for water ; but as 
yet I believe no alnminoos stone, except that which I 
have just described, has been found, containing so large 
a propuriiou of waicr, as tbirt}' parts in the hundred. 

The diaspore which has been examined by M. Yau- 
quelin, and which loses sixteen or seventeen parts 
in the hundred by ignition, and which contains nearly 

• [The following year, in a letter addressed to Mr. Nicholson from 
Kfllarney, in Ireland, of the 13th June, he mentions that he had nsccr- 
taiiied that the acid referrc-d to in tlu- tixt was the fluoric "in such a 
peculmr state of combination as liot to l>e ruudered sensible by sulphuric 
acid."— NicLuUon's Jounial, toI. 14. p. 2G7. 

Many yean after this rainenl wm discoyered by Fachs to contain • 
large proportion of phoffphoiie add. Aeeording to the analysis of 



BeneUm in 1600, it ia eompoied— 

Phosphotie add • 88*40 

Fluoric add S'06 

Ahuoina 35.35 

Lime • 0*50 

Oxyde of iron and manganese 1 

Water 2(iM> 



Ann. de Chimic et i'hys. toni. xii. p. li>. 
He had no difficulty in detecting fluoric acid by Uie action of the 

i Jonnud da Physique, torn. lii. p. 880. 
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eighty of alumine, and only three of oxyde of iron, is 

supposed by that excellent chemist to be a conipuuud 
of ahiminc and water. Its physical and chemical cha- 
racters dificr, however, veiy much irom those of the new 
fossil, and other researches are wanting to ascertain 
whether the |)art of it volatilixed by heat is of the same 
kind 

I have examined a fossil from near St. Austic, in 
Cornwall, very similar to tlio fossil from Barnstaple, 
in all its (fmeral citetnical clLoracters ; and I have been 
informed, that an analysis of it, made by the £ey« 
William Gregor some months since, proves that it con- 
sists of similar ingredients. 

Dr. Babington has proposed to call the fosnl firom 
Devonshire WaveUite,iTovt\ . ^^ av^l, the gentleman who 
discovered it ; but if a name touiuled upon its chemical 
composition be preferred, it may be denominated 
Hydrargillite; irom vd«0/9, water, and ^iXAo9, day. 



ON A METHOD OF ANALYZING STONES CONTAINING 
FIXED ALKAU, BT MBAN8 OP THE BORACIC ACID « 

I HAVE found the boracic acid a very useful substance 
for brinrrinix the constituent parts of stones containing 
a fixed alkali into solution. Its attraction for the dif- 
ferent simple earths is considerable at the beat of igni- 
tion, but the compounds that it forms with them are 

• [From the PhTI. Trans, for 1805. Tlic Cuploy medal oi this yoar 
waa aMrartlcd to the author for the prcceUiiig pu^vers published iu tbe 
PbikMophical Tianatctioni.] 
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easily decomposed by the mineral acids dissolved in 
water, and it is on this circumstance that the method 
nf analysis is founded. 

The procesfles are very simple. 

100 ^ins of the stone to be examined in very fine 
powdeij iiiu.st be fused for aliuut half an liour, aL a. strong 
red heat, in a crucible of platina or silver, with 200 grains 
of boracic acid. 

An ounce and a half of nitric acid» diluted with seven 
or eight times its quantity of water must be digested 
upon the fused mass till the whole is decomposed. 

TIic fluid must be evaporated till its quantity is 
reduced to an ounce and a half or two ounces. If the 
stone contain siinjL, this earth wiU be separated in the 
process of solution and evaporation, and it must be col- 
lected upon a filter, and wsahed with distilled water till 
the boiacic add and all the saline matter is separated 
firom it. 

The fluid, mixed with the water that has passed 
through the filter, must be evaporated, till it is reduced 
to a conyenient quantity, such as that of half a pint; 
when it moat be saturated with carbonate of ammonia, 
and boiled with an excess of this salt, till all the mate*- 
rialsthat it contains, capable of being precipitated, have 
Ikiieii to the Ixittom of the vessel. 

The solution must then be separated by the filter, 
and the earths and metallic oxydes retained. 

It must be mixed with nitric acid till it tastes 
strongly sour, and eyaporated till the boracic acid 
appears fi'ee. 

The fluid must be passed through the filter, and sub- 
jected to evaporation till it becomes drv; when, by 
exposuie to a heat equal to 450^ Fahrenheit, the nitrate 
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of ammonia will be decomposed, and the nitrate of 
potash or soda will remain ia the vessel 

It will be unnecessary for me to de8crU>e nuniitelj 
the method of obtaining the remaining earths and 
metallic ozydes free from each other, aa I have used 
the common processes. I have separated the alumine 
by solution of potai?h, the lime ])v suljilnnic acid, the 
oxyde of iron by succinate of ammonia, the manganese 
hj hydrosulphuret of potash, and the magnesia by 
pure soda. 
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A DISCOURSE 

INTROOUCTOftT TO A C0UB8£ OF I.BCTUBE8 OH CHSMISTRY, 

THBATB6 OP THB BOTAL INSTITirnON, 

ON THE aiST JANUARY, 1608. 



A STIXABU8 OF THIS COUBSB OF LBCTDBES. 



OUTLINES OF A COUBSB OF LECTUBBS 
CHEMICAL PHILOSOPHY. 



[The introdoetoiy laetue whidi Mowi| tnd tlit iylUbitt of leetnnt 
of which it Ibnned apiit, wifh the oatUnte of a oovne of lectmee on 
chemical philosophy, are selected for lniertioii in thti porlioii of tiie 

Anthor'fl Works on accoimt both of the time in which they appeared 
ami tljoir nature and object. In point of liiuc, they belonj? to his early 
productions; and are us characteristic of his scirntilK youih, with its 
enthusiasm and vlcnr, ns his essays were of his int'ancy in ecience.— 
Designed by him fur an audience supposed to be ignorant of chemistry; 
and yet enlightened and refined, for tlie purpofle of rousing attentiOD, 
and ezeiting an Intereet, and glvkig elenientai7 knowledge, they appear 
weU adapted to anfwer the flame porpoiee to leaden of a tfiaflar elais, and 
to introduee tho«e who are not well inetmeted in chemlitiy to hla oHwr 
and lew dementarywritingfl, which win IbUow. To chemical readers It 
ii hoped, they may not be nnaoeeptablc, as historical sltetehes of the 
then state of the sclen<^ just on tlie ere of a great revolution, mainly 
owing to his labours.] 
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ADVERTISEMENT. 

i A M induced to publish the following discourse in consequence of the 
request of a purt of the au(li«.iic<^ l»( fore wliom it was dolivcrfd, the 
aecunicy of who^e jnd'^ment it would be prosuinptuous in lae lo qiu^- 
tion* It vf&H nut origiiinlly intended for the press. Tltc subjoct is too 
Important and sublime to be jofltly treated m an occutonal eomposltion ; 
■nd the views I bare taken were designed nther to excite fedings of 
interest oonoeniiiig it, fliin to give miDnto inlnfmation. 

HUMPHRY DAYT. 

2Gth A2}rU, 1802. 
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I^TItOXiUCl'URl TO A 

COURBB OF LBCTUBBS OK CHBMIBTBT« 

Chemistry is that part of natural philosophj which 
relates to those intimate acttons of bodies upon each 
odier^ bj which their appearances are altered, and their 

individaality destroyed. 

This science has for its ol)jccts all tlie siil^stances 
found npoa our globe. It relates not only to the 
miuutc alterations in the external world, which are 
dailj coming under the cognizance of our senses, and 
which in consequence, are incapable of affecting the 
imagination, but likewise to the great changes, and 
convulsions in nature, which, occurrinjx but seldom, 
excite our curiosity, or awaken our astonishment. 

The phsenomena of combustion^ of the solution of 
different substances in water, of the agencies of fire ; 
the production of rain, hail, and snow, and the eonver* 
sion of dead matter into living matter by vegetable 
organs, all belong to chemistry ; and, in their various 
and apparently ca]iricion9 appearances, can be accnrately 
explained only by au ac(j[uaintance with the fimdauiental 
and general chemical principles. 

Chemistry, considered as a systematic arrangement 
of fiM^ts, is of later origin than most of the other 
sciences; yet certain of its processes and operations 
have been always more or less connected with them ; 
and, lately, by furnishing new instruments and powers 
of investigation, it has greatly contributed to increase 
their perfection, and to extend their applications. 
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Mechanical philosophy, regarded as ihe science of 
the motions of the masses of matter, iu its theories and 
practices^ is, to a jcertain extent, dependent upon che- 
mical laws. How in fact can the mechanic calculate 
with accuracy upon the powers of solids, fluids, or gases, 
ill communicating motion to cack other, unless he is 
previoii.'^ly accpiaintcd with their particular ciicmical 
affinities, or propensities to remain disunited, or to 
combine ? It is to chemistry that he is indebted for the 
knowledge of the nature and properties of the sub- 
stances he employs ; and he is obliged to that science 
for the artificial production of the most powerful and 
most useful of his ap:cnts. 

Natural history and chemistry are attached to each 
other by vexy intimate ties. For while the first of these 
sdences treats of the general external propert'es of 
bodies, the last unfolds their internal constitution and 
ascertains their intimate nature. Natural history 
examines the beiugs and substances of the external 
world, eliietly in their permanent and unchanging 
forms; whereas chemistry by studying tlicm in the 
laws of their alterations, developes and expkiins their 
active powers and the particular exertions of those 
powers. 

It is only in consequence of chemical discoveries that 
that part of natural history which rehites to mineral 
substances lias assumed the form of a science. Miner- 
alogy, at a period not very distant from the present, 
consisted merely of a collection of terms badly arranged, 
according to certain vague external properties of sub* 
stances. It is now founded u])on a bcautitul and 
methodical classificalion ; and that chieflv in conse- 
quence of the comparison of the intimate composition 
of the bodies it represents with their obvious forms and 
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appearaQces. The mind of the mineralogist is 
no longer perplexed by endeavours to discover the 
loose and varying analogies between the colours^ the 
shapes, and die weights of difieient substances. By 
means of the new method of analysis, he is furnished 
with instruments of investifratioii immediately applic- 
able, and capable of producing uniform and accurate 
results. 

Even botany and zoology as branches of natural 
lustory» though independent of chemistry as to their 
primary classification, yet are related to it so far as they 

treat of the constitution and iuncliunsof vepjetablcs and 
animals. How tlej)en(1ent in fact upon chemical pro- 
cesses are the nourishment and growth of organized 
beings; their various alterations of form, their constant 
production of new substances^ and finally their death 
and decomposition, in which nature seems to take unto 
herself those elements and constituent principles, which 
for a while she had lent to a superior agent as the 
organs and instruments of the spirit of life I 

And in pursuing this view of the subject, medicine and 
phynology, those sciences which connect the preservation 
of the health of the human being vnth the abstruse philo- 
sophy of organized nature, will be found to have derived 
fioui ciieuiistry most of their practical applications, aud 
many of the analogies which have contributed to give to 
their scattered facts order and systematic arrangement. 
The art of preparing those sabstances which operate pow- 
erfidl V upon animal bodies, and which according their 
di£Perent modes of exhibition are either efficient reme- 
dies or active poisons, is purely chemical, indeed the 
want of an acquaintance with scientific principles in 
the processes of pharmacy has often been productive of 
dangerous consequences; and the study of the simple 

TOL. n. p 
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and unvarying agencies of dead matter ought surely to 
precede investigatioiis concerning the mysterious and 
compUcated powers of life. Knowing very little of the 
laws of his own existence, man has nevertheless derived 

some useful inlui uuition from researches concerniug the 
nature of respiration ; and the compubition and proj>er- 
ties of animal organs even in their dead state. And if 
the connection of chemistry with physiology has given 
rise to some visionary and seductive theories ; yet even 
this circumstance has heen useful to the public mind in 
exciting it by doubt, and in Icadin*:; it lu new invcstijxa- 
tions. A reproach, to a certain degree just, has been 
thrown upon those doctrines known by the name of 
the chemical physiology; for in the applicaticms of 
them, speculative philosophers have been guided rather 
by the analogies of words than of facts. Instead of 
.slowly Ludcavoiii'ing to litt u\) the veil conceahng the 
wonderful pha»nomeua of living nature ; fuU of ardent 
imaginations, they have vainly and presumptuously 
attempted to tear it asunder. 

Though astronomy in its sublime idewa^ and its 
mathematical principles, is far removed from chemistiy, 
yet to this science it is indebted for many of its instru- 
ments of experiments. The ])rogrcss of the a>ironouier 
hjis been in some measure comment; urate witli that of 
the chemical artist, who, indeed, by his perfection of 
the materials used for the astronomical apparatus^ has 
afforded to the investigating philosopher the means of 
tracing the revolutions of the planets, and of penetrating 
into i>pace, so as to discover the forms and appearances 
of the distant partes of the universe. 

It would be unnecessary to pursue this subject to a 
greater extent. Fortunately for num, all the different 
parts of the human mind are possessed of certain har- 
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moQioas veUtioiu ; and it is even difficult to draw the 
line of distinction between the sciences; for as thev 
have for their objects only Head and living naturi', mid 
as they consist of exprcs^ious of facts more or less 
aoalogouSy they must all be possessed of certain ties of 
connection, and of certain dependencies on each other. 
The man of true genitis who studies science in conse- 
quence of its appHcatioUy — ^pointing out to himself a 
definite end, will make use of all the inistrunicnts of 
invostijLratiuii wiiich are necessary for his ])nr]K)ses ; and 
Ui the search of discoverv, he will rather pursue tlic 
plans of his own mind than be limited by the artificial 
divisions of language. Following extenave views, he 
will combine together mechanical, chemical, and physi- 
olofjical knowledge, whenever this eomhinatioh nuiy be 
essential : in consequence his facts will be connected 
togetlier by simple and obvious auaiogies, an ! in tudy- 
ing one class of phsenomena more particularly, he will 
not neglect its relations to other classes. 

But chemistry is not valuable simply in its connec- 
tions with the sciences, some of which are speculative 
and remote Irom our liabiliial pa&iiuns and desires ; it 
applies to most of the processes and operations of 
common life ; to those processes on which we depend 
fi>r the gratification of our wants, and which in conse- 
quence of their perfection and extension by means of 
scientific principles, have become the sources of the 
mo.^i refined enjoyments and delicate pleasures of 
civilized bociety. 

Agriculture, to which we owe our means of snijsist- 
enoe, is an art intimately connected with chemical 
science. For though the common soil of the earth will 
produce vegetable food, yet it can only be made to pro- 
duce it in the greatest quanuiy, and of the best equality, 
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in coasecjiu iH 0 of tlic adoption of methods of cultiva- 
tion dependent upon scientific principles. Tlie know- 
ledge of the composition of soils, of the food of 
vegetables, of the modes m which their products must 
be treated, so as to become fit for the nourishment of 
animals, is essential to the cnltivation of land ; and his 
exertions are profitable and useful to socioty, in propor- 
tion as he is more of a chemical phil(jsopiicr. bmce, 
indeed, this trutlx has been iniderstood, and since the 
importance of agriculture has been generally felt, the 
character of the agriculturist has become more dignified 
and more refined. No longer a mere machine of labour, 
he ha> Jrai nod to thiuk and to rcaison. lie is aware of 
liiij us( tuluc^ to his fellow-men ; and he is become at 
once the friend of nature and the firiend of society. 

The working of metals is a branch of technical che- 
mistiy ; and it would be a sublime though a difficult 
task to ascertain the efifectsof this art upon the progress 
of the luiiiiaii luiiul. It lias alioided to man the powers 
of defence agaiusi savajre animals ; it has enabled him 
to cultivate the ground, to build houses, cities, and 
ships, and to model much of the surface of the earth 
after his own imaginations of beauty* It has fiimished 
instruments connected not only with his snbUme enjoy- 
ments, InU likewise with his iiiiiics and liLs niiscrics; it 
has enabled him to oppress and destroy, to conquer and 
protect. 

The arts of bleaching and dyeings which the habits 
and fashions of society have made important are purely 
chemical. To destroy and produce colours, to define 

the causes of the changes they undergo, and tu cxhibiL 
the modes in which they may be rendered durable, 
demand an intimate acquaintance with chemistry. The 
artist who merely labours with his handfl;, is obliged to 
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theory for liis discovery of the most useful of his prac- 
tices ; and permanent and brilliant ornamental colours 
which rival the most beautiful tints of nature, are 
artificially composed from their dements by means of 
human invendons. 

Tanning and the preparation of leather arc chemical 
professes, which, though extremely simple, arc of 
great importance to society. The modes of impregnat-> 
ing skin with the tanning principle of the vegetable 
kingdom, so as to render it strong and insoluble in 
water, and the methods of preparing it for this impreg- 
nation have been reduced to scientific principles. And 
if the improvements resulting from new invcsti«^ations 
have not been uniformly adopted by manufacturers, it 
appears to be owing rather to the difhculty occurring in 
inducing workmen to fiirm new habits, to a want of 
certain explanations of the minutise of the operations, 
and perhaps in some measure to the common prejudice 
against uovcltics, than to any defect in the p^eneral 
theory of the art as laid down by chemical philosophers, 
and demonstrated by their experiments. 

But amongst the chemical arts, few perhaps are 
more important than those of porcelain and glass 
making. To them we owe many of those elegant vessels 
and utensils which have contributed to the health aiul 
delicacv of civilized nations. They have furnished 
instruments of experiments for most of the sciences, 
and consequently have become the remote causes of 
some of the discoveries made in those sciences. With- 
out instruments of glass, the gases could never have 
been discovered, or their combinaLioiis ascerlainLd ; the 
minute forms and appearances of natural objects could 
not have been investigated ; and, lastly, the sublime 
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researches of the moderns concerning heat and light 
would have been wholly lost to us. 

ThiBaubject might be much e&laiged upon; for it 
is difficult to ezamiue any of our common operations or 
labours without finding them more or less connected 
with chemistry. By means of this science man has 
employed almost all the substances in nature either for 
the satisfaction of his wants or the gratification of his 
luxuries. Not contented with what is found upon the 
8uifiu» of the earthy he has penetrated into her boeom, 
and has even searched the bottom of the ocean for the 
purpose of allaying the restlessness of his desires, or of 
extendinf^ and increasing his power. lie is to a 
certain extent ruler of all the elements that surround 
him ; and he is capable of using not only common 
matter according to his wiU and inclinationsy but tike- 
wise of subjecting to his purposes the ethereal principles 
of heat and light. By his inventions they are elicited 
from the atmos]>horc ; and under his control they 
become, according to circurastancea, instnnneats of 
comfort and enjoyment, or of terror and destruction. 

To be able indeed to form an accurate estimate of 
the effects of chemical philosophy, and the arts and 
sciences connected with it, upon the human mind, we 
ought to examine the history of society, to trace the 
progress of improvement, or more inmiediately to com- 
pare the uncultivated savage with the being of science 
and civilixation. 

Man, in what is called a state of nature, b a creature 
of almost pure sensation. Called into activity only by 
positive wants, his life is passed either in satisfying the 
cravings of the coinmon apj)etites, or in apathy, or in 
slumber. Living only in moments he calculates but 
little on fiiturity. He has no vivid feelings of hope, or 
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thoughts of permanent and powerful action. And 
unable to discover causes, he is either harassed by 

superstitious dreams, or quietU and passively submissive 
to the mercy of nature ;in(l the clcMncnts. How dilicront 
is man mibrmed through the beoeiiceuce of the Deitj, 
by science and the arts! Knowing his wants, and 
being able to provide for them, he is capable of antici- 
pating future enjoy mentSy and of connecting hope with 
an infinite variety of ideas. He is in some measure 
indepeiident of chauce or accident for his pleasures. 
Science has given to him an acquaintance with the 
different relations of the parts of the external world; 
and more than that> it has bestowed upon him powers 
which may be almost called creative; which have 
enabled him to modify and change the beings sur- 
rounding him, and by his cxpeiiiiients to intL-rroGrate 
nature with power, not simply as a scholar, passive and 
seeking only to understand her operations, but rather 
as a master^ active with his own instruments. 

Bu^ though improved and instructed by the sciences, 
we must not rest contented with what has been done ; 
it is necessary that we shonld Hkcwisc do. Our enjoy- 
ment of tlic fruits of tlie hibonrs of former times should 
be rather an enjoyment of activity than of indolence ; 
and, instead of passively admiring, we ought to admire 
with that feeling which leads to emulation. 

Science has done much for man, but it is capable of 
doinii; still more ; its sources of improvement are not yet 
exhausted ; the benefits that it has conli rrcd ought to 
excite our hopes of its capability of conlerring new 
benefits ; and in considering the progressiveness of our 
nature, we may reasonably look forward to a state 
of greater cultivation and happiness than that we at 
present enjoy. 
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As a branch of sublime philosophy, chemistiy is fax 
from being perfect It consists of a number of collec- 
tions of facts connected topjether hy different relations; 
but as ypt it is not furnished with a precise and beau- 
tiful theory. Though we can perceive, develope, and 
even produce, hj means of our instruments of experi- 
ment, an almost infinite variety of minute phsenomena* 
yet we are incapable of determining the general laws 
by which they are G^overned ; and in att^ mpuug to 
define thcni, we iivc lost in obscure, thon*»h siiblime 
imaginations concerning unknown agencies. That they 
may be discovered, however, there is every reason to 
believe. And who would not be ambitious of becoming 
acquainted with the most profound secrets of nature, 
of ascertaining her hidden operations, and of exhibiting 
to men that system of knowledge which relates so 
intimately to their own physical and moral constitution? 

The future is composed merely of images of the past, 
connected in new arrangements by analogy, and modi- 
fied by the circumstances and feelings of ike moment; 
our hopes are founded upon our experience ; and in 
reiuioning concerning what may be accomplished, we 
ought not only to consider the immense field of research 
yet unexplored, but likewise to examine the latest 
operations of the human mind, and to ascertain the 
degree of its strength and activity. 

At the beghining of the seventeenth century very 
little was known concerning the philosophy of the inti- 
mate actions of bixlics on each other ; and before this 
time, vague ideas, superstitious notions, and inaccurate 
practices, were the only effects of the first efforts of the 
mind to establish the foundations of chemistry. Men 
either were astonished and deluded by their first inven- 
tions so as to become visionaries, and to institute 
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researches after imagiuary things, or they cin]>l()>t.d 
them as instruments for astonishing and deluding others, 
influenced bj their dearest passions and interests, by 
ambition, or the love of money. Hence arose the 
dreams of alchemy concerning the philosopher's stone, 
and the elixir of Hfe. Hence, for a long while the other 
metals were destroyed or rendered useless by experi- 
ments desiirned to traii.^iiiute them iiklu Li'old ; ntid for 
a long while the means of obtaining earthly immortality 
were sought for amidst the unhealthy vapours of the 
laboratory. These views of things have passed away, 
and a new science has gradually arisen. The dim and 
uncertain twilicrht of discovery, which gave to objects 
false or iiidelinite a[)|K aidnces, has been succeeded by 
the steady light of trutii, which has shown the external 
world in its distinct forms, and in its true relations to 
human powers. The composition of the atmosphere, 
and the properties of the gases, have been ascertained ; 
the phsenomena of electricity have been developed ; 
the lightnin'rs have been lakcu from the clouds; and 
lastly, a new influence Ikus Ijeen discovered, which lias 
enabled man to produce iirom combinations of dead 
matter effects which were formerly occasioned only by 
animal organs. 

The human mind has been lately active and power- 
ful ; but there is very little reason for believing that the 
period of its greatest strcnpth is passed ; or even that it 
has attained its adult state. We find in all its exertions 
not only the health and vigour, but likewise the awk- 
wardness of youth. It has gained new powers and 
fiusnldes; but it is as yet incapable of using them with 
readiness and efficacy. Its desires are beyond its abili- 
ties ; its different parts and organs arc not firmly knit 
together, and they seldom act in perfect unity. 
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Unless any great physical changes should take ])lace 
upon the gIobe> the permaoencjr the arts and sciences 
is rendered cei1aiii> in consequence of the diffusiaa of 
knowledge by means of the inTcntion of printing ; and 
those wotds whidi aie the immutable instraments of 
thought, are become the constant and widelj-^fiiised 
nourishment of the mind, the preservers of its health 
and energy. Individuals, in consequence of interested 
motives or false viem^ may check for a time the pro* 
gress of knowledge; moral causes may produce a 
momentaiy slumber of the public spirit ; the adoption 
of wild and dangerous theories, by ambitious or deluded 
men, may throw a temporary op|)i obrium on Uieraturc ; 
but the influence of true philosupiiy will never be 
despised ; the germs of improvement are sown in minds 
even where they are not perceived, and sooner or later 
the springH:ime of their growth must aiiive. 

In reasoning concerning the fiiture hopes of the 
human species, we may look forward with confidence to 
a state of societv in which the different orden? and 
classes of men will conti'ibute more effectually to the 
i^upport of each other than they have hitherto done. 
This state indeed seems to be approaching fiist ; for in 
consequence of the multitipUcation of the means of 
ins^uction, the man of science and the manufacturer 
are daily becoming more nearly assimilated to each 
other. The artist who formerly affected to despise 
scicntiiic principles, because he was incapable of per- 
ceiving the advantages of them, is now so &r enlight- 
ened^ as to ftvonr the adoption of new processes in bis 
art, whenever they are evidentiy connected with a 
diminution of labour. And the increase of projector?>, 
even to too great an extent, demonstrates the entiiii- 
siasm of the public mind in its search after improve- 



Digitized by Google 



COUBBB OF LECTURES ON CH£MISTfiY. 



323 



ment The arts and sciences also are in a high degree 
culti¥atedy and patronized by the rich and privileged 
orders. The guardians of civilization and of refinement, 
the moBt poweiful and respected part of society, are 
daUy growing more attentiTe to the realities of life ; 
and, giving up many of their wmecesBarj enjoyments in 
conscfjuencc of the desire to he uaLtid, are becoming 
the friends and protectors of the hdjouring part of tlu* 
conimumty. The unequal division of property and of 
labour, the difference of rank and condition amongst 
mankind, are the soorces of power in civilized life, its 
moving causes, and even its vety soul ; and in consider- 
ing and hoping that the human species is capable of 
becoming more enlighleucd and more happVj \vc can 
only expect that the great whole ol society should be 
ultimately connected together by means of knowledge 
and the useful arts ; that they should act as the children 
of one great parent, vrith one determinate end, so that 
no power may he rendered useless, no exertions thrown 
away. In this view wc do not look to distant ages, 
or amii&e uarsclves with briiHant, thon^jh de]n.vive 
dreams concerning the infinite improveabilicy of inan^ 
the annihilation of labour, disease, and even death. But 
we reason by analogy fiom simple &cts. We consider 
only a state of human progression arising out of its 
present condition. We look £ot a time that we may 
reasonably expect, for a bright day of which we ahcudy 
behold the dawn. 

So far our considerations have been general ; so lar 
we have examined diemistry chiefly with regard to its 
great agency upon the improvement of society, as 
oooneded with the increasing perfection of the different 
liianches of natural philosophy and the arts. At pre- 
sent it remains ibr us only to investigate the effected of 
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the Study of tliis science upon paiticolar mmdsy and to 
ascertain its powers of increasing that happiness which 

arises out of tiie piivate feelings and interests of 
individuals. 

The quantity of pleasure which we are capable of 
experiencing in life appeara to be in a great measure 
connected with the nomber of independent sources of 
enjoyment in our possession. And though one great 

object of desire, connected with great exertions, must 
more or less employ the most powerful faculties of tlie 
soul ; yet a certain variety of trains of leeling and of 
ideas is essential to its health and pennanent activity. 
In considering the relations of the pursuit of cfaemistty 
to this part of our nature^ we cannot but perceive that 
the contemplation of the various phsenomena in the 
external world is eminently fitted for giving a perma- 
nent and placid enjoyment to the mind. For the rela- 
tions of these phsenomena are perpetually changing ; 
and consequently they are uniformly obliging us to 
alter our modes of thinking. Also the theories that 
represent them are only approximations to truth ; and 
they do not feller the mind by giving to it implicit 
contideiu e, hut are rather the instmments that it em- 
ploys for the purpose of gaining new ideas. 

A certain portion of physical knowledge is essential 
to our existence ; and all efficient exertion Is founded 
upon an accurate and minute acquaintance with the 
properties of the different objects surrounding us. The 
germ of power indeed is native ; but it can diiIv be 
nourished bv the forms of the external world. The 
food of the imagination is supplied by the senses, and 
all ideas existing in the human mind are representations 
of parts of nature accurately delineated by memory^ or 
tinged with the glow of passion^ and formed uito new 
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combinations by fancy. In this view researches con- 
ceming the phaenomena of corpuscular action may be 
said to be almost natural to the iniiid> and to arise out 
of its instinctive feelinga. The objects that are nearest 
to man are the first to occupy his attention ; from con- 
sidering their agencies on each other he becomes capable 
of predictiiicr effects; in modifyinior these effects he gains 
activity ; aiui science becomes the parent of the strength 
and independence of his Acuities. 

The appearances of the greater number of natural 
objects are originally delightfid to us, and they become 
sdll more so, when the laws by which they are governed 
are known, and when thev are associated with ideas of 
order and utility. The study of nature, therefore, in 
her various operations must be always more or leas 
connected with the love of the beautiful and sublime ; 
and in consequence of the extent and indefiniteness of 
the views it presents to us, it is eminently calculated to 
gratify and keep alive the more powerful passions and 
ambiliuns of the soul, which, deli^^hting in the anticipa- 
tion of enjoyment, is never saiistied with knowledcro; 
and which is as it were nourished by futurity, and 
rendered strong by hope. 

In common society, to men collected in great cities^ 
wlio are wearied by the constant recurrence of similar 
artificial pursuits and objects, and who are in need of 
sources of permanent attachment, the cultivation of 
chemistiy and the physical sciences may be eminently 
beneficiaL For in all their applications they exhibit an 
almost infinite variety of effects connected with a sim- 
plicity of design. They demonstrate that every being 
is intended for some definite end or purpose. They 
attach feelings of importance even to inanimate objects; 
and they furni^ih to the mind means of obtaining 
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enjoyment anoonnected with tbe labour or miaery of 
others* 

To the man of business, or of mechanical employ- 
ment, the j)ui*suit of experimental research may aftbrd a 
simple pleasure, uncounccicd with tbe gratiiicatioa of 
unnecessary wants, and leading to such an expansion of 
the &€ulde8 of the mind aa must give to it dignity and 
power. To the refined and &shionable classes of society 
it may become a soiuce of consobition and of happmessy 
in those moments of solitude, when the cominuu hahits 
and pa?5s)oiis of the world are considered with indiffer- 
ence. It may destroy diseases of the imagination^ 
owing to too deep a sensibility ; and it may attach the 
affections to objects, permanent, important, and inti* 
mately related to the interests of the human species. 
Even to persons of powerful minds, who are connected 
with society by literary, political, or moral relations, im 
acquaintance with the science tliat represents the o|)er- 
ations of nature cannot be wholly useless. It must 
strengthen their habits of minute discrimination ; and 
by obliging them to use a langua<^e representing simple 
fictHy may tend to destroy the influence of tems con* 
nected only with feeling. The man who has been 
accustomed to stinly natural objects pliilosoplucaily, to 
be perpetually guardmg against the delusions of the 
lancy, will not readily be induced to multiply words bq 
as to forget things. From observing in the relations of 
inanimate things fitness and utility, he will reason 
widi deeper reverence concerning beings posses^sing 
life : and perceiving in all ilip phenomena of the 
universe the designs of a pertcct intelligence, he will be 
averse to tbe turbulence and passion of hasty innovations, 
and will unilbrmly appear as the fiiend of traoquillity 
and Older. 
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It It generally admitted that the best method of teaching the tcienoca 
la to b^ln with abnple fiMts^and gradually to proceed from them to the 
more complicated phtcnomcna. 

In tlie following {)a<jrf'S, which conUui lUo Outlines of a Conrse of 
Lectured on Chemistry, an nttcnipt hns bet-n made to employ such a 
method. Hence the abstruse doctrinea concerning tlie imiwiKlerHMe 
fluids have been separated from the history of simple cUemical action; 
and the applications of tho fldence from the science itself. 

The cl aaai flc ation of anbitancea adopted, ia foimded father upon flwta 
tium analoglea ; and in oonaeqneno^ eertain bodice have been plaeed 
amongat tiie almple prlndpleai vhlehy from thdr Teaemblauee to odier 
bodlea of hnowa eonpoaitloii,henre been geneiallj ananged ia tlie elaai 
of eomponnda. 

This is an imperfection, but on the principles amnmed it conld not 

easily be avoirled. And it will be fortunate for the Author if a discern- 
ing public should not discover many more imjiortant imperfeetions. 

UUMPU&Y DAVY. 

Royal lyBTiTUTiow, 
Jmuary 1802* 
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PART L 

THE CHEMISTRY OF PONDERABLE SUBSTANCES. 

BIYI8I0N I. 

OF THE CHEWCAIi FOWBB8» AND THE MODES OF THEIE 

APPLICATIONS. 

I. Of the general Logic of Science, 

The sciences are classes of different fiicts associated 
tpgetlier by analogy. 

Tbe theories which represent them are connected 
propositions, in which, by means of that &culty of the 

mind iianitd ab6ti«iLtloii, one tonu i.s made to represent 
a number of other terms^ which themseivcs stand for 
ideas. 

By means of artificial arrangements or theories, the 
hufllness of thinking is materially expedited ; and the 
power of calculating concerning new relations of factB» 

rendered simple and easy. 

2. Of ^ Nature (f Chemistry, 
Chemistiy b that part of the science of nature which 
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relates to those intimate actions of bodies upon each 
other^ by which their appearances are altered and their 
individuality destroyed. 

The knowledge of those actions is tierived from our 
sensations ; and the facts tliat represent them are classed 
according to the corpuscular theory. 

3. Of the Chrputeukar Thmy* 

The different bodies in nature are composed of par- 
ticles or minute parts, individually impcrce{)tible to the 
senses. When these particles are similar, the bodies 
they constitute are denominated simple, and when they 
are disnmilar, compound. 

The chemical phaenomena result from the different 
arrangements of the particles of bodies: and die powers 
that produce these arrangements arc repulsion or the 
agency of heat, and attraction. 

By repulsion, the particles of bodies tend to separate 
from each other. 

By attraction, they tend to come in contact with each 
other. 

* 4* Of Ihe I^noer of RcpuUUm or Cahric 

The expanding power, or the power of repulsion, is 
capable of being communicated by the particles of one 
body to those of other bodies; and the laws of its com- 

munication constitute the laws of temperature. See 
Part IT. Div. T. 

It acts in uniform opposition to attraction; and the 
peculiar forms of aggregation in bodies depend upon 
the different agencies of these powers. 

Bodies exist either in the solid, fluid, or aexifonn states; 
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and, aocording as they are made to receive, or commu* 
nicate the power of repohion, thej expand or contract. 

Solids, on a certain increase of the repulsive power of 
their particles, becoTne fluids, and fluids, gases. Like- 
wise, by a diminution of repulsive power, gases become 
fluids, and fluids, solids. 

The cause of the phsenomena of repulsion has been 
lately generally named caloric; and it is, by a number 
of philosophers, supposed to be a peculiar ethereal 
substance. 

5, Of Attraction. 

Attraction either acts upon similar particles, and then 
it is denominated the attraction of aggregation, or upon 

tlisvsiuiiJar panicles, when it is named the attraction of 
composition, or chemical affinity. 

The most important general facta relating to the 
attraction of composition may be classed in six propo- 
sitiooa. 

( 1 ) The attraction of composition is capable of uniting 

a number of dissimilar particles. 

(2) The particles of different simple bodies have dif- 
ferent affinities for each other. 

(.3) The agency of the attraction of composition on 
the particles of bodies, is inversely as that of the attrac- 
tion of aggregation. 

(4) The force of the attraction of composition is 
influenced by the numbers of the combining particles ; 
i. e. by the nias.scs of the aetint!; bodies. 

(5) The forces of the attraction of composition in 
di£tont substances, are diminished in different ratios, 
by the agency of caloric or the power of repulsion* 

^6) In all cases of combinationi the Tolome of the 
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combimng bodies ifi cither diLoiixished* or iQcreascd; 
andt in general; in consequence^ thej gain a power of 
increasingy or diminishing^ respectively the volomes of 
the bodies in contact with them ; or, in common Ian- 

giiiin^, caloric is either given out, or absorbed duzing 
chemical combination. 

6. Of Chemical Operations. 

Though the powers of attraction and repulsion axe 
parts of an arbitrary system, yet the laws by which they 
arc sujiposed to act arc simple expressions of facts. 
Guided by those laws, the chemist is capable of imitating 
the operations of nature, and of producing new ope* 
rations, so as to exhibit certain substances or prin* 
ciples apparently simple, and to ascertain their combi* 
nations. 

The methods by which these purposes arc effected, 
arc svii thesis and analysis. 

By synthesis compound substances are formed by the 
artificial union of different principles. 

By analysis compound substances are resolved into 
their constituent principles. 

7. Of the InstrumenU of Experimmt, 

To effect chemical compositions and decompositions^ 
nothing more is required than to bring the partidea of 
the bodies, which are the subjects of experiment^ into 

the sphere of their mutual attractions. 

Towards tliis end, tlie mechanical division of ihem 
into smaLL parts is employed ; and likewise, in certain 
cases, the agency of caloric. 

Th^ vessels in which bodies are openled upan» 
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must be composed of substances for which they have 
no aflinitj. 

The most important instraments in the chemical 
apparatus, aie« furnaces, lamps, crucibles; mercurial 
and water pneumatic troughs, and gasometers ; gradu- 
ated glass jars, retorts, receivers ; the balance, the air- 
pump, the electrical machine, the barometer, and the 
thermometer. 

DIVISION II. 

OF UMDEOOHPOUNDEO SUBSTANCES OR SDCPLB 

PBINCIPI<Ea 

\, Of the C^assifieaHoh of Undeeompounded Suhstaneea, 

Though the corpuscular theory supposes the existence 
of bodies composed of similar particles, yet we are not 
certain that any such bodies have been yet examined. 
The simple principles of the chemists aic substances 
which have not been hitherto composed or decomposed 
hj art; and they are elements, only in relation to other 
known substances. 

As they are the senmble agents of chemistry, before we 
can examine the uaUire of compound bodies, or parti- 
cular piuviioiiiena t)f composition or decomposition, it is 
necessary that we should be acquainted with their 
characteristic properties, and with certain of the modes 
in which they are procured. 

Forty-two simple principles are at present acknow- 
ledged, ('onsidcrod with regard to the similarity of 
some of their physical properties, they may be (li\ iJcd 
into six classes : I. Permanent gases possessed of no 
add properties. IL Solid inflammable bodies having 
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no metallic pr()|>erties. III. Metals. IV. EartLs. 
V» The iixcd alkaiiue substances. VL The undecom- 
ponnded acids. 

2. Fir$t Class. 

The first class of simple substances contains uiil\ 
three bodies — oxygen, hydrogen, and nitrogen. They 
are pennaiient gases at all known temperatures. They 
have no taste, smell, or colour, and are very little absorb- 
able by water. 

(1) Oxygen gas constitutes ^ part of the air of the 
atmosphere. It is produced pure from oxygenated 
muriate of potasli l>y heat. It eminently supports com- 
bustion. The cubic inch weighs '34 pts. of a grain* 

(2) Hydrogen gas is produced when water is made 
to act on ignited sine or iron. It bums when intensely 
heated in contact with oxygen ; and is the lightest of 
the known gases, weighing, in the cubic inch, only 
•024 pts. of a grain. 

MiTRoosN OAS constitutes about f of the atmo- 
sphere. It is evolved during the action of nitric acid 
on animal substances. It is not inflammable ; it does 
not support combustion. A cubic inch of it weighs 
about *3 pts. of a grain. 

3. Second Ckas, 

Phosphorus, sulphur, and carbon, compose the second 
class of simple principles. These bodies do not dil^ 
considerably in their specific gravities, and are noncon- 
ductors of electricity, and insoluble in water. 

(1) Phosphorus is obtained from phosphoric ru id by 
means of ignited charcoal It is transparcnL Its 
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colour is light yellow ; anil its specific gravity is to that 
of water as 2*033 to 1. It becomes liquid at the tem- 
peratuie of 99° Fahrenheit, and aeriform at that of 664?. 
It bums with a feeble blue flame ia the atmosphere at, 
or OTen below, 60% and with an intensely vivid light at 
122«. 

(2) Sulphur is fuuiul aljuiidaiiily in natinc, and it 
may be procured in a very pure form from sulphuret of 
potash by means of muriatic acid. It is of a bright 
yellow colour. It melts at a heat a little above that of 
boiling water, and becomes aerifi>nn at 600^ Fahrenheit* 
At a temperature scarcely above that of its fusion it 
bums with a feeble blue flame, and at the heat of igni- 
tion with an intensely vivid flame. Its specific gravity 
is about 2. 

(3) Carbon is found pure in nature, in the fi>rm of 
diamond; but it has not yet been produced from any of 
its compounds. It is, perhaps, the hardest known 
body ; it is extremely tranz^parent It bums at a very 

high temperature; and after becoming black and 
opaque, is converted into gas. Its specific gravity is 
about 3'5« 

4. Third Class, 

The metals at present known amount to twenty-one. 
They arc platina, gold, silver, mercury, copper, tin, 
lead, iron, zinc, antimony, bismuth, arsenic, cobalt, 
nickel, manganese, tungsten, uranium, molybdena, tita- 
nium, tellurium, chrome. 

I1ic iiK are possessed of spec ill c gravities superior 
to thosie of all other simple substances. They are 
opaque, brilliant in their appearance, insoluble in water, 
and conductors of electricity. 
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(1) Platota is procured by intensely heating the 
ozyde of platina produced by nitro-mnriatic «dd» with 
charcoal. It is of a light grey colour. It is malleable^ 

aiui is the hardest of the mct.ils after iron, it becomes 
Huid at a very high degree of heat It does not burn in 
the atmosphere. Its specific gravity is 22*5, so that it 
is the heaviest body in nature. 

(2) Gold is found pure in different parts of the 
globe. It is of a bright yellow colour. It fuses when 
ignited to whiteness. It is the most malleable and 
ductile of the metals. Its specific gravity is I9'3. 

(3) Silver is found in nature pure, and combined 
with different substances. It is the whitest of the 
metals. Its malleability and ductility are less than 
those of gold. Its specific grayity is about 10*51* It is 
fused more readily than p^ld. 

(4) Mercury is foLind pure; likewise it is procured 
from cinnabar. It is the only metal which is fluid 
at the common temperatures of the atmosphere : it docs 
not become solid, except at 40° below 0°; at 600° it 
boils. Its colour is analogous to that of silyer. Its 
specific gravity is 13*568. 

(5) CoPi'Ku is found native ; likewise it is extracted 
from siilphurct of copper. It is of a light red colour. 
Its spccilic gravity is 8*584. It melts at the white heat. 
It is malleable and ductile. 

(6) Tin is procured when the ozyde of tin is healeil 
to whiteness with charcoal. It is of a white colour, but 
little duller than that of silver. It melts long before it 
becomes ignited, i. c. at about 410° FahrenheiL It is 
very malleable, but imperlectly ductile. Its specihc 
gravity is 7-299. 

(7) Lead is generally obtained by separation firom the 
sulphuret of lead by heat It is of a bluish white colour. 
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and soon loses its metallic lustre when exposed to the 

air. It becomes fluid at 540" l alirenheit. It is malle- 
able, but its ductility is imperfect. Its speciiic gravity 
is 11-352. 

(8) Ibon ia d>tiiined from the oxyde of iron, by 
intensely h<**Hwg it with chaicoaL It is of a pale grey 
colour. Its specific gravity is 7 '8. It is fusible only at 

an intense de»z;roc of heat ; but becomes exticmely soft 
and ductile when onlv ifrnited. It is attracted bv the 
magnet It sooa becomes covered with a brown rust 
when exposed to the atmosphere. 

(9) Zinc is generally procured from the suiphuret of 
zinc, or from the carbonates of sine, which are found 
abundantly in nature. It is rather whiter than lead. Its 
s].>ecitic gravity is 7'19. It fuses as soou as it is ignited, 
and boils before it is white hot; and at this tempera- 
ture, bums with a vivid flame. 

(10) Antimony is generally procured from suiphuret 
of antimony. It is nearly of the colour of lead. Its 
specific gravity is 6*86. It melts soon afrer ignition, 
aud i;ecomcs covered wiiL a white oxydc. It is very 
little dnctile or malleable. 

(11) Bismuth is found in a native state; likewise it 
is obtained from suiphuret of bismuth. It is of a dull 
yellow colour, a little inclined to red. It is not malle- 
able. Its specific gravity is 9*822. Aiter tin and 
tellurium^ it is one of the most fiisible of the metals. 

(12) Arsenic may be procured from the white oxyde 
of arsenic, by hoatinj; it with oil, or with charcoal, in 
close vessels, it is white in its pure form, but soon 
becomes tarnished by exposure to Uie air. It sublimes 
at the temperature of ignition with great rapidity, and 
bums with a bluish fiame. Its specific gravity is 8*31. 

(13) Cobalt is obtained from smalt (a blue glass con- 

VOL. U. Q 
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tAining the 02 jde of cobalt) by igmting it with charcoal 
and soda. It is of a grey colour. It is Teiy difficult of 
fttnon. Its spedfic gravity is 7-945. 

(14) Nickel is procured from an ore named kupfer 
nickel. Its colotir is rusty light grey. Its specific 
crravity is 8*96. It is difficultly fusible. W hen perfectly 
pure It IS uot magnetic. 

(15) MAjiQANEfifi is procured by an intense heat &om 
the oxyde of manganese by means oi charooaL It is of 
a dull white colour. It is fused only with extreme 
difficulty. Its specific gravity is 7. It is not at all 
malleable. 

(16) Tungsten ii> ol)Lametl by various processes from 
the tuugstatc of limej and from wolfram, a mmerai found 
in ComwalL It is very difficultly ffised. Its ^lecific 
gravity is 8*34. 

(17) Ubanium is procured from pedi-blende, and 
from its carbonate by difierent processes. It is grey, 
with a tinge of brown. It has never been fused into a 
consistent mass. Itij specific gravity is 6 '44. 

(18) MoLYBDENA has been obtained with very great 
difficulty fi*om the molybdic acid. Its properties are 
but little known. Its specific gravity is said to be 6. 

(19) Titanium is obtuned from the oxyde of tita- 
nium by intense ignition of it with charcoaL It is very 
difficult of fusion. Itb colour is red ; and its specific 
gravity unknown. 

(20) Tellurium is procured from the aurum para- 
doxicum. It is of a bright grey c<dour. It pulverizes 
under the hammer. It is the most fusible and volatib 
of the metals after mcicury. Its specific gravity ia 
Q'U5. 

(21) Chhume is obtained from the red lead of Siberia 
(the chroxuate of lead), its properties are little knowcu 
Its colour is whitish ; and it is veiy difficult of fusion. 
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5. I'wrih OoMi. 

He eftrtlis ire dbtingubbed ftom all other bodies by 

their infiLsihility, their insolubility in water, their 
iucombustibiiity, and their want of conducting power 
with regard to electricity. They are four in number, 
ailex, alumine, zircone, glucine. 

(1) SiLEz is obtained from rock-ciystal, and odier 
stones, after they have been fiised with fixed alkalies, 
and acted u]X)n by muriatic acid. It differs from tlie 
other earths in being acted upon by no acid but the 
flouric. 

(2) Alumdhe is obtained from solution of sulphate of 
alomine by potash. Its colour is white. In its common 
state it contracts in voltune by heat ; and at an intensely 
high temperature it becomes softened. It is combinable 
¥sith the acids. 

(3) ZmroxK is obtained irom the jargon of Ceylon 
by the fusion of it with a hxed alkali^ and particular 
tzeatment with an acid. It is white» and diffusible 
through water, to which it communicates a gelatinous 
appearance* It combines with die acids. Its speciiic 
gravity is 4 '3. 

(4^ Glucine is procured from the beiyl. It re- 
sscuibies alumine in its physical properties; but its 
chemical properties arc very different. It forms sweet- 
tasted salts with the acids. 

It is said that two new earths haTe been lately disco^ 
vered, denominated Augustine and Ittria. 

Tiic Al oustine is considered as a peculiar substance, 
on the authority of i'roiessor Tromsdorf. It is procured 
from the beryl of Georgen-^tadt. And it forms taste- 
leas salts with the adds. 

Ittbia has been examined by M. JBkebuig and Pio- 
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fessors Vauquelin and Klaproth. The salts it forms 
with the acids are sweet like those formed by glucine ; 
but it is not soluble in the caustic alkalies. It was first 
announced as a peculiar substance by Bi. Gadolin. 

6. Fifth Clou, 

It has been thought expedient to call such undecom- 
pounded substances alkaline as possess a certain d^pree 
of solubility in water, and the power of combining with 

the acids, and with sulphur; and of rendering green 
vegetable blues. 

Potash, soda, strontian, barytes^ lime, and magnesia, 
arc the only known fixed alkaline substances. 

(1) Potash is obtained fiom the common caustic 
pota^ of commerce by solution in alcohol, and evapo- 
ration. It was formerly named the fixed vegetable alkalL 
It is of a white colour. Its tiistc is intensely caustic, and 
it acts upon the animal fibre. It becomes iluid at a red 
heat ; but it is volatile only at a very high temperature. 
It is extremely soluble in water. 

(2) SoBA is obtained from muriate of soda (sea salt) 
by means of litharge. It is purified by treatment with 
alcohol, in the same manner as potash. Its taste and 
causticity, as well as many of its other properties, are 
analogous to those of that alkali ; but it possesses less 
affinity for the acids. It is fusible at a tempemturc a 
litde below that of ignition. It was formerly called the 
fixed fi)ssU alkalL 

(3) Stboktian is procured from the carbonate of 
strontian when it is intensely ignited with Liiarcoal. It 
is white. Its specific gravity is greater than that of 
potash or of soda. It is much less soluble in water thai^ 
those alkalies. It is infiisible. Certain of its combinar- 
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ttons when brouglit in contact with bodies in combus- 
tion, commnnicate a vivid redness to their flames. 

(4) Barytes is obtained fi'om nitrate of barytes by 
the Jong application of a hio:h degree of heat. Its taste 
is caustic, like that of stroutian. It is nearly four times 
as heavy as water* Of all the alkaline substances, it 
possesses the strongest affinity for the acids. It is less 
soluble in water than stiontian. 

(5) Lime is procured from the carbonate of lime 
( marble) by a strong degree of heat. It is white and 
opaque. It is unalteraljlc in the fire. It resembles 
strontian and barytes in most of its physical properties; 
but it is less soluble in water than either of those earths 
(requiring 500 times its weight of that fluid for its solu- 
tion) ; likewise it has less affinity for the acids. 

(6) Magnesia is obtained from sulphate ui magnesia 
by treatment with potash or soda. It is exhibited iti 
the form of a white impalpable powder, possessing very 
little taste or smelL It is soluble in about 2000 times 
its weight of water. It has less affinity for the acids 
than any of the other solid alkaline substances, and it 
forms with them veiy soluble salts. It is perfectly unal- 
terable in the fire. 

7. Sixth Class. 

We are acquainted with three undecompounded 
acids; the muriatic acid, the flouric acid, and the 

bor ( i( acid. They are combinable with water and the 
alkalies: and possessed of the power of rendering 
vegetable blues red. 

(1) MuBiATic Acm is procured from muriate of soda 
by means of sulphuric acid. It is a permanent gas at. 
ail known temperatures. It is heavier than atmoepheiic 
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air, it is soluble to a great extent in water. Its taste 
Is very pungent and soar. 

(2) Fluobic acid is obtained from fluate of Bme by 
means of salphuric acid. It dissolves nlicioos earth, 

and renders it aeriform ; therefore it cannot be pre- 
serv'ed pure in orlass vessels. Tt>5 taste and smell are 
analogous to those of muriatic acid; and^like that acid> 
it is a gas at all known temperaturaa. It is extremely 
soluble in water» and combinable not only with the 
alkaline, but likewise with the earthy substandee. 

(3) B<»ucic ACID is procured from alkaline borate of 
soda by means of sulphuric acid. It is a white solid 
body, possessing very little taste and no smell. It is 
fuaible when diy at the red heat ; and when moist, it is 
eren volatile at a much lower temperature. It is soluble 
in 50 times its weight of boiling water. 

DIVISION III. 

OF BODIES COMPOSED OF TWO SIMPLE SUBSTANCES, OK 

BINAJiY COMPOUNDS. 

I. ArrangemerU of Binary Cmnpounds. 

The simplest chemical actions of the undecompounded 
substances on each oiiier, aic exerted in the production 
of binary compounds. 

Of these compounds, some are found in nature, and 
others are produced by art, either directly, by bringiDg 
the principles that compose them into apparent contact 
at a ceilciiii Uni])Lratnr( ; or, indirectly, by analytical 
processes, in which bodies more compounded aie the 
subjects of experiment 

The btnaiy compounds, if we consider their relations 
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to each other^ and to the geoenl chemical aRtngement 
of MibetaDceSy may be divided into six claoccfl. 
L Compounds containing oxygen. IL Hydro* 

gen. III. Sulphur. IV. ^ The Metak. V. 

The Earths. VL The Uodecompounded 

Acids. 

2. First Class. 

Of all known bodies, oxy<ron luis the greatest ten- 
dency to combination. It enters into union with a vast 

« 

number of simple substances. Many of its compounds 
are poasessed of analogons properties. It baa been 
generally supposed to be the acidifying principle ; and 
the bistoiy of its chemical agencies constitntes the and- 

phlogistic theory. 

The l)inary compounds of oxygen are either decom- 
posable acids possessing the sour taste, and the power of 
reddening Tegetable blues, and of uniting with the alka- 
lies; or oxydes, which in general are combinable with the 
acids, insoluble or qxiringly soluble in water, and pos- 
sessed of little taste or smell. These different snbetances 
will be treated of in their relations to their different bases. 

(1) Combination of oxygen with hydrogen. H ater, 
or oxyde of hydrogen, is produced whenever hydrogen 
gas is burnt in contact with oxygen gas. 16 grains of 
hydrogen, combined by slow combustion with 85 grains 
of oxygen, produce 100 grains of pure water. Water is 
a iluid at all tempt ratures between 3:^ and 212 . 
When cooled below 32° it becomes soliil, and fonijs a 
mass of crystals. When heated above 212^ it becomes 
a gasy and in that state is much lighter than the air of 
the atmosphere. 

The physical properties of water are well known. It 
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is possessed of great ]u)wcrs of coinhi nation, and acts a 
principal part in the chemical cliaugcs tliat take place 
upon the sur&^ce of the globe, and in the atmosphere. 

(2) CoMBiNATiOKBof QSYOBN withniTBOQBir. When 
the electric spark is passed for a long while throogh a 
mixture of oxygen gas, and nitrogen gas, nUrie acid 
ib tuniicd. This substance is pc i iiianently aeriform at 
common temperatures. 100 cubic inches of it weigh 
about 76 grains. It is extremely soluble in water; 
1 grain of water being capable of condensing about 10 
grains of acid gas, forming -with it a fluid of specific 
gravity 1*52. Nitric add is a very powerful and useful 
chemical agent For purposes of application, it is 
generally obtained from nia"ate of potash (nitre of com- 
merce) by means of sulphuric acid. 100 grains of 
nitric acid consist of about 71 o^gen, and 29 of 
nitrogen. 

Nitrous gaSf or nitric oxyde, is an elastic fluid perma- 
nent at all known temperatures. It is produced when« 

ever nitric acid is decomposed hy certain metallic bodies, 
such as copper, silver, he. Its specific gravity is to 
that of atmospheric air, as 1 *093 to 1. It is very little 
soluble in water. It combines with oxygen at common 
temperatures^ producing an orange-coloured gas^ which 
is nitric acid with excess of nitrous gas, L e. niirmu 
acid rS iiruas gas is composed of oO ])arts oxygen, and 
44 nltroiren. It is rcadilv absorbed bv the ";i*ccn sul- 
phates^and muriates of iron. Fyrophorus takes fire io 
it at common temperatures : and phosphorus continues 
to bum when introduced into it in a state of vivid 
inflammation. 

Nitrous oxyde, or gaseous oxyde of azote, is obtained 
when nitrate of anmumia is decomposed at any tem- 
perature near 400"^ 1* ahrenheit. It is permaaently aeri- 
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form. The cubic inch weighs '5 pts. of a gr. It is 
possessed of a faintly sweetish taste, and a sUght but 
agreeable odour. All the combustible bodies bum in it 
with vivid light at high temperattiies. It does not 
diminish when mingled with nitrons gas. It is solnble 
in twice its volume of water, and in less than half its 
volume of most of the inflaniiuahle fluids. It is coni- 
biiiablc, when in a nascent state, with potash and soda. 
100 grains of it arc composed of 37 oxygen^ and 63 
nitrogen. 

(3) COMFOTTNDS of OXYGEN and PHOSPHORUS. Fhos- 

phofie acid, or the most oxygenated eomponnd of oxygen 

and phosphorus, is produced when sulpluirie acid is 
made to act upon phosphate of lime (i. e. earth of 
bones). It is Ukewisc procured when pho^homs is 
burnt in atmospheric air, at a temperature above 122^. 
Phosphoric acid is a solid at temperatures below those 
of ignition. It is very soluble in water. It is inodorous; 
and possesses no volatility. It is composed of nearly 1 
of ph()Sj)h(jrns to 1*6 of oxygen. " 

Phosphurus acid, or the least oxyj^enated coTii|»ound of 
oxygen and phosphorus is produced during the slow 
combustion of phosphorus in the atmosphere at common 
temperatures. It is a fluid body, inodorous, and pos- 
sessed of a strong affinity for water. 

(4) Co^mrxATioxs of oxyc.ex w-ith si LriiUR. Sul- 
phur, like pliospliorus, combines Nvith oxygen in two 
proportions^ and forms sulphuric and sulphureous acids. 

Sulphuric €und is produced during the vivid combus- 
tion €^ sulphur in oxygen gas, and likewise during the 
decomposition of nitrate of potash by heated sulphur. 
In its eomnion state it appears in the form of a transpa- 
rent oleaginous fluid, nearly twice as heavy a> water. 
At a very low temperature it becomes soUd. it is com- 

q5 



Digitized by Google 



^46 BODIES COMPOSED OF TWO SIMPLE SUBSTANCES, 

posed of about 1*7 parts sulphur and 1 part oxygen. It 

acts with great power upon uuiiiial and vegetable sub- 
stances ; which, by abstracting a portiuQ of its oxygen, 
convert into sulphureous acid. 

Sufyhureoiis add is a permanently aerifonn fluid at 
the common temperatures of the atmosphere ; but it has 
been rendered fluid by a high degree of artificial cold, 
aided by a strong pressure. It is absorbable by ^ of its 
volume of water. It^ composition has not yet lyeen 
accurately ascertained. It is generally obtained for 
accurate experiments from the decomposidon of heated 
sulphuric acid by mercury. The cubic inch weighs *73 
pts. of a gr. It extinguishes flame. When suffered to 
remain for a long while in contact with oxygen gas, it 
is converted into suipliui ic acid. 

(5) Compounds of oxygen and carbon. Three 
compounds containing oxygen and carbon, in different 
proportionsy are known. Charcoal, gaseous oxyde of 
carbon, and carbonic acid. 

Charcoal is procured pure by passing alcohol through 
a tube heated red. It is ciU'bon in the first degree of 
oxvgenation. It forms a consideiable part of the solid 
matter of organized bodies, and it is obtained from them 
mixed with other substances by the action of heat Its 
colour is intensely black. It has no taste or smelL It 
is a perfect conductor of electricity. It is solid at all 
known temperatures. It bums with the production of 
vivid white light in oxygen gas. It is j)L rfcctly insoluble 
in water. It is capable of absorbing certain quantities 
of different known gases, which are liberated from it by 
the action of heat. 

GoMeoui oxyde of carbon is obtained by the acdon of 
ignited charcoal on certun metallic oxydes, such as 
those of zinc and iron. It is caibon iu the second 



Digitized by Google 



OR BINABY COMPOUND0. 



347 



degree of oxygenation. It is devoid of taste and smelL 
It is very little absorbable by water. It barns in con- 
tact with atmospheric air with a lambent bltie flame. 
Its specific gravity is to that of common ur nearly as S8 
to 23. It is composed of about 9 parts carbon and 21 
parts oxvircn. 

Carbonic acid is produced when charcoal, or diamond 
is burned in pure oxygen : likewise it is obtained when 
nmriatic acid is made to decompose carbonate of lime. 
It has a pleasant smell, and a faintly acidulous taster 
It is a permanent gas at all known temperatures. It Is 
soluble in half its volume of water. It extinguishes 
iHaiiic. The cubic inch weighs about '46 pts. of a gr. 
It is carbon perfectly oxygenated, and combined with 
four parts of oxygen. 

(6) COMBINATIOHS of OZTOEIT with the ACmiFIABLB 

METALS. The acidifiable metals are, arsenic, tungstcu, 

molybdcna, chrome, and, as it is said, cobalt. 

Arffenic is capable of combining with oxygen in two 
proportions, so as to form the aiseuious and arsenic 
acids. 

The anemom acid, or as it has been generally called, 
white oxyde of arsenic, is procured by the action of 

oxygen gas on metallic arsenic. Its taste is disagreeably 
acrid, and its smell is analagous to that of garlic. It is 
soluble in 15 part** of boiling water. Its sj^ccific gravity 
18 3-706. It is volatile at the temperature of 283''. It 
is said to be composed of 93 parts of arsenic and 7 of 
oxygen. 

The add is procured by the action of nitric 

acid upon the arsenions acid. Its taste is sour. Its 
cnlniii is white. It flises at a red heat, but it is not vo- 
latile. It is said to be composed of 91 parts of arsenic 
an4 9 ^ oxygen. 



Digitized by Google 



348 B0DIB8 COMPOSED OF TWO 8IUPX3 SUBSTAKCBS, 

One combiiuition of oi^gen with tosigsten only is 
known.' The tung$tk add is procured by the fusion of 
tungstate of lime with carbonate of potash, and subse- 
quent t reat incnt of the mixture with nitric acid. It 
exists ill the form of a -vvhiie powder. Its taste is faintly 
acrid. Its specific gravity is 3*6. It is neither fusible 
nor volatile at any known temperature. It is soluble in 
20 parts of boiling water. 

Molybdena combines with oxygen in two propor- 
tions, so as to produce the moljbdic oxyde and the 
moljbdic acid. 

The molyhdic oxyde is procured wiien molybdena is 
intensely heated in contact with oxygen. It is white, 
and volatile. It is easily converted into molybdic add* 
by treatment with nitric acid. 

The molyhdic acid is soluble in 500 parts of water. Its 
specific gravity is 3*4. Its taste is distinctly sour. 

Chrome exists in two states combined with oxygen. 
— The oxyde of chrome is of a green colour. It is pro- 
cured by the action of heat and light on the chromic 
add. 

The ehromw acid is obtained by the decomposition of 

the cljiomate of lead found in Silu ri:!. It is of a red 
colour, and lias a peculiar metallic taste, it is soluble in 
water. 

Cobalt has long been known as combined with oxy- 
gen in the state of an axyde^ capable of communicating 
a fine blue colour to glass ; but the existence of the 

acid of cobalt luxs been only lately proved by ihi" experi- 
ments of Bi uguatclli. It is produced from what he calls 
the amuioniuret of cobalL It is soluble in water, and 
has a distinctly sour taste. 

(7) COXKNATIONB of OXYGEN with the OXTDIFIABLR 

MBTAL8. Manganese, zinc, iron, tin, lead, antimony^ 
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lusmath, nickd, titamum^ tellurium^ copper, and mer- 
cury, are capable of combining with oxygen gas, when 
diey are exposed lu it at diti'ercnt high temperatures; 
but their oxydtx arc, iu general, obtained for common 
purposeSy either firom certain ores found in nature, or 
from the agency of different acids on the metallic bases. 

SUver, gold, and platina, do not act upon oxygen 
gas except when they are ignited by the galvanic spark. 
The oxyde of silver is obtained by treatment of the metal 
by nitric acid and potash. The oxjilts of yuUl and pla- 
tina are procured by means of oxy muriatic acid. 

The imfde of nrnnium is found in uranite. 

Oxygen is capable of combining in difierent propor- 
tions with many of the metals, and of forming with them, 
ozydes possessed of distinct properties. 

Amongst the most reniarkalile of the metallic oxydes, 
are the red and Idack uxi/des oj iruu, containing respec- 
tively, 47, and 28 per cent, of oxygen ; the red, blacky 
and vskUe oxides of mercury, of which the red gives out 
oxygen gas when exposed to heat : the red, yeUow, and 
grey, oxydes of lead; the hfaek oxyde of numganeee; and 
the white o.rt/de of antimony. 

The mctalhc oxydes in general are insoluble in water, 
tasteless and inodorous. Many of them are ^ible at 
high degrees of heat, and a few of them are volatile. 
They are all of less specific gravity than their bases. In 
certain states of oxygenation they are combinable with 

(8) CoMBtNATION of OXYGEN with MURIATIC ACID. 

Oxyyenated muriatic acid IB procured when muriatic acid 
is distilled from black oxyde of manganese, or red oxyde 
of lead. Its taste is acrid It renders v^table blues 
whiter difiSning in this respect from the other acids. It 
is a gas at common temperatures; but it may be con- 
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densed by a moderate degree of cold. It.s colour i& light 
yellow. It is absorbable by water. Most of the com- 
bustible bodies bum in it It is combinable with the 
fixed alkaline sabetanoes. It gives out oxygen gas 
when acted upon by vivid light. Its specific gravity is 
much greater than that of atmospheric air. 

3. Second Cla$$, 

Hydrogen appears to be capable of combining with 
only thxee simple bodies besides oxygen; nitragen^ 
sulphur^ and phosphorus. For the hydiocaibonatesy 
'which were formerly supposed to consist wholly of hy- 
drogen and carbon, contain, as it would seem IVum 
some late experiments, a portion of oxyp^en. See Div. 
IV. Sec 2. Its compounds are not possessed of many 
analogous properties; one of them is «n alkali^ and 
another an add. 

(I) OOMFOUND of HTDROGBN and MtTSOGBir. Am- 

monia or volatile alkali is obtained by the action of lime 
upon muriate of aminonia; likewise it is formed when, 
naacent hydrogen is exposed to nitrogen gas at a low 
temperature. It is a permanent gas at common tein- 
peratures^ weighing in the cubic inch about *I6 pts. of a 
gr. Its smell is highly pungent ; and its tMe boming 
and acrid. It renders green, vegetable blues. It extin- 
guishes llnnie. It produces white fumes when brought 
in contact with the volatile acids. It is extremely 
soluble in water, 75 grains of water being capable of 
absorbing 25 grains of gas^ forming with it a fluid of 
specific gravity *906. Ammonia is decomposed into its 
constituent parts by the action of electricity, or of a hicrh 
degree of heat It is compounded of one part hydi o- 
gen and live parts nitrogen. 
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(2) Compound of hydrogen and sulpuuii. Sul- 
pltnnifrd Icjdrwjen ur hepatic gas is formctl wlien hydro- 
gen gas is passed over heated sulphur. It is obtained 
ibr common purposes by the action of an add on solution 
of aulphuiet of potash. It is a pennaoent elastic fluid* 
Its smell is eztvemely fcetid* Its taste is smuTy it redr 
dens vegetable blues, it combines with the alkalies, and 
is very sohible in water ; so that it is a true acid. It 
bums, when highly heated in contact with oxygen gas, 
with a blue flame^ depositing sulphur. It is decom- 
pounded into its constituent principles by the electric 
spaik. The cubit inch weighs *34 pta of a gr. 

(3) CoMBIKATIOIf of HTDBOOSK With PHOSPHOBUa 

Phosphorated hydroijm is formed by the action of phos- 
phorus upon the heated aqm oiis solution of potasli. It 
is likewise obtained by the action of water upon the 
j^oqphuret of lime^ a substance formed by passing phos* 
phorus in vapour through ignited lime. It is a perm^ 
nent gas, soluble in about four times its volume of 
water. It is possessed of the peculiar property of in- 
flaming: when brought in contact with oxygen eras at 
common temperatures. It is decomposable by the elec- 
tric spark* 

4. Thxrd Ckus. 

Sulphur is possessed of great powers of combiiiaiion. 
It enters into union with all the met a is, except gold, 
platina, titanium, and probably, chrome. It combines 
with the alkaline substances, and with phosphorus. Its 
acid compounds, contuning oxygen, and hydrogen, 
have already been noticed. 

(1) Combinations of suLPiii'R with the METALS. The 
greater number of the metallic sulphiact^ arc found in 
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nature. They may be made artificially, by bringing 
sulphur in contact with the metals, at different high 
temperatures ; and dm ing the process, heat and light 
are evolved. They are solids^ in general possessed of a 
high degree of specific gravi^. They are opaqae, and 
often brilliant in their appearance like the metals. They 
aie conductors of electrici^. They have no taste or 
smelL They are all decomposable at certain degrees of 
heat. 

Of the metallic sulpiiurets, the best known are the 
sulphuret of iron or martial pyrites, the sulphuret of zinc 
or blende» the tulpkuret of lead or galena, and the nd^ 
phurets of copper, tm, aneme, and mercury. 

Almost every metal is capable of oomluning with 
many ditlereiil proportions of sulphur. 

(2) Compounds containing sulphur and the fixed 
ALKALINE SUBSTANCES. The alkaline sulphurets or the 
hepars of sulphur, may be obtained by the fusion of sul- 
phur with the different alkaline substances^ or by the 
decQmposition of alkaline sulphates by chazcoal at a 
high degree of heat. They are solid bodies, in general 
opaque, and of a red, or brownish red colour. They 
are of considerable specific gravity. They bum, when 
intensely heated> in contact with the atmosphere. They 
undergo peculiar changes from the action of water. 
They are decomposable by the acids. The mlphuretg 
of potathf of soda, of itrontiany and of magnesia, are not 
possessed of any specific properties worthy of })articular 
notice. The sulphurets of han/tes, and of liuwy become 
phosphorescent after having been exposed to light. 

(3) Compound of sulphur and phosphorus. Sul- 
phur and phosphorus are capable of combining in di^ 
ferent proportions. To efiect tfaeur union with safety, 
they must be fused together under hot water. The 
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w^hureis of phosphorus are yellowish^ and less trans- 
parent in proportion as tliey contain a larger quantity 
of sulpiiur. Tlicy ai-e all more fusible than siiJpliur. 
Thejr are so combustible that, they inflame in the 
atmosphere by mere finction. 

5. Fourth Class* 

The binary compounds containing the metals, which 

have not bcea ah c ady described, arc the metallic plius*- 
phurets, the carburets, and the alloys. 

fl) Combinations of phosphorus with the m£tal8. 
Phosphorus is capable of combining in different propor* 
tions with the greater number of the metallic substances. 
The phosphurets generally are obtained by exposing the 
metals to phosphorus, at the time that it is produced 
from ignited phosphoric aciti, by means of charcoal. 
They are 0}>af|ue, of great specific gravity, and usually 
possessed of the metallic splendour. They are fusible 
at different high temperatures* and they bum at those 
temperatmnes when in contact with oxygen. 

(2) CoMBtKATlOMB of MBTAL8 ^th CABBON. Iron, 

zinc, and manganese, arc the only metals suppused to 
be capable of combination \Yith cai'bou. 

When diamond and iron are intensely heated to- 
gether* the carburet of iron or steel is formed* This 
substance is obtained for use* from the cementation 
of iron with charcoaL It is fusible at a high degree 
of heat. It is harder than iron. It is capable of re- 
ceiving an extremely fine polish. It is very combus- 
tible. 

Plumbago* or the hyperearburet of iron, is supposed 
to be a combination of carbon and iron* with probably 
m minute portion of oxygen. It is found in nature. 
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t is af a black gloeay colour. It is infbsible. Itbomi^ 
when intensely heated* in contact with the atmo* 

sphere. 

The |)roportics of the carhirets of zinc, and of manqa- 
nese, have been but Uttle examiaed. It is likely, that 
they, as well as the bypercaibmets of iron> contain a 
minute quantity of oxygen* 

(3) BiKABT COHBINATIOiro of HBTALB with ONB AX€h 

THER. The binary allof/s are formed by bringing two 
mctab possessed of affinity for each ot lier together, one of 
them at least being in a state of fusion. The alloys are 
analogous to the simple metals in all their physical proper- 
ties. Their number is almost infinite, for when metallic 
substances are possessed of the power of attracting each 
otiier chemically, they are capable of eombining in a 
number of different proportions. The chemical pro- 
perties of alloys have been very little studied, and no 
definite knowledge is obtained concerning the change 
of volume taking place during the different combini^ 
tions of metals. The most important of the binary me- 
tallic compounds are brass, which is composed of about 
three parts of copper and one of zinc ; hrrniTP^ which is 
a compound of cop])er and tin ; tlie fusible compounds of 
lead; and the amaigums of mercury* 

6. FifUi Class. 

Certun of the earths are possessed of affinities for 
one another: all of them except Eircone, are capable cl 

combining with some of the fixed alkaline Mibstances; 
and that body, as well jls ahimine, and glucine, is acted 
upon by the undecompoiinded acids. 

(1) Binary c50MP0tnfDS containing EARTHS only. The 
cavMnatwn of silex and ahtmine may be efiSaoted by 
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mingling their aUtaline solutions together. The com* 

pound of jargon and silex is formed when these earths 
are intensely heated in contact with one another. The 
mutual attractions of the other earths have not been 
much examined. 

(2) CqMEXHATIOVB of BABTB8 mth ALKALINB flUB- 

8TANCE& When equal parts of potash, or of aoda» and 
of silez are fused together^ they combine and form the 

cuiu]>ottnd denominated f/lass, the properties of which 
arc well known. When one part oi silex is united, by 
iusion^ to three parts of potash^ or of soda, a substance 
is formed which is Bohible in water, and which forms 
with it the liquor sUiewn, 

Alumine and glacine are combinable with potash 
and soda, both when they arc dry, and iu ac^ucous so- 
lution at certain dearoes of temperature. 

Barytes, stroutiau, or lime, when intensely heated iu 
certain proportions with silez, combine with it and fonn 
vitreous compounds. 

(3) The Combinations of the babths with the sm- 
FiiB AdOS, will be considered in the nezt section. 

7. Sixth Class, 

The binary compounds containing the simple acids, 
are possessed of very analogous properties. They have 
been called compound saUs; and under this name, have 
been generally arranged with substances containing the 
decomposable acids. 

(1) Combinations of the simple acids with fixed 
ALKALINE SUBSTANCES. The simplc acids are capable 
of combining with all the fixed alkaline substances, 
when their aqueous solutions are brought into contact 
iMPith them at common temperatures; and the oom« 
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pounds when depriyed of water become permanent 
Bolid& 

The compounds of the muriatic acid and the iL\ed 
alkaline substances, or the alkaline 7rinri(ittj<, are 

possessed in general of a bitter taste. Thej are white 
semipellueid bodies, regularly crystallized* They are 
extremely soluble in water. 

Amongst the compounds of fluoric acid and the fixed 
alkalhic substances, the Jlnates uf potash and of soda 
arc soluble in water, and nearly insipid ; the Jiimtes of 
strantian, bcaytes, lime, and magnesia^ are tasteless sub- 
stances, not combinable with water. 

The combinations of the boracic acid with potssh and 
soda, or the horaUB of potash and ioda are ciystaUixed, 
solid, substances, soluble in water. The horfUe of soda 
wiih excess of alkali is the borax of commerce. 

The borates of baryteSy strorUian, lime, and magnesia, 
have been very little examined. They are white^ sohd 
substancesi but little combinable with water. 

(2) CoMFOUMnB containing unbecomfoundbd acids 
and EARTHS. All the earths except silex, are dissolved 
when acted upon by an aqueous soluiiou of muriatic 
acid. The compounds Ibrmed are called muriates. 
When deprived of water they exist in the solid form. 
Generally they are white and transparent They are 
possessed of no smell. Their taste is bitter, or astrin- 
gent 

Fluoric acid combines with all the earths, when it is 
brought in conuicl with them at common icmperatures, 
and forms compounds called fiuaJtes, I'hc JJuate of silex 
exists permanently in the aeriform state. The proper- 
ties of xh^Jiuates of ztreone, ahtmine, and gluam^ have 
been very little examined* 

The compounds of the earths and the haraeie acidp 
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are called borates. In general they are difficultly so- 
lable in water. They ai« possessed of little taste and 
no smelL 



DIVISION IV. 

OF BODIES COMPOSED OF MORE THAN TWO SIMPLE 
SUBSTANCES^ OB TEBNABY COMPOUNDS, QUATEBNABT 
COMPOUNDS, &C. 

1. CloM^ioaticn qf Sttbsianees etnnpo9ed of more than two 

Simple Subitanees, 

Very few of the substances composed of more than 
two simple principles are capaUe of being formed by 
art, immediately from their elements. In general, they 

are either found in or|2;anized bodies, or arc produced 
during their j^pontaiieous or artificial decomposition. 
We are acquainted with their nature chiefly from ana- 
lysis. Considering their composition, and the mode 
in which they are procured^ they may be divided into 
five classes. 

L Oxydes with bases compoonded chiefly of hydrogen 

and carbon. II. Acids composed chiefly of hydrogen, 
oxygen, and carbon. III. Oxydes with bases com- 
pounded chiefly of nitrogen, hydrogen, and carbon. 
IV. Acids composed chiefly of oxygen, nitrogen, hy- 
drogen, and caihon. Y. Compounds containing earths, 
and alkalies, or metals. 

2. JFtnt Class. 

The oxydes containing hydrogen and carbon are 
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found in general in the yegetabie kingdom. Their 
oompoeition and their properties are veiy different and 
various. AmongBt them may be founds gasesy lliudfl^ 
and Bolidfl. In general, they are combustible^ easily 

decomposable by heat, and non-conductors of elec- 
tricity, 

^i) Hydro-carbonates. Heavy hydro-carhonate is 
one of the products evolved during; the decomposition 
of spirits of wine by heated sulphuric acid It is a per- 
manent gas at all known temperatures. It botiu^ wlien 
heated in contact with the atmosphere, with a blue 
tlame. It is insoluble in water. The cubic inch weighs 
•2G pts. of a gr. 

IMfht hydro-carhonate is obtained when water is made 
to act upon ignited charcoal Its properties are analo- 
gous to those of heavy hydro-carbonate. The cubic 
inch weighs '15 pts. of a gr« . 

The proportions between the constituent parts of the 

Jro-carbonatcs have not hitherto been accurately as- 
certained. The existence of hvdrogcn, carbon, and 
oxygen, in them is proved when they are decomposed 
by heated sulphur; for in this case^ charcoal and sul- 
phuretted hydrogen are formed. 

(2) Alcohol Is obtained in its purest form fitnn ar- 
dent spirits, by their treatment with potash, and sub- 
gccjuent distillation. It is an intUuumable fluid. It is 
possessed of a strong affinity for water, and is seldom 
procured perfectly devoid of that fluid. Its specific 
gravity, when in its purest state, is about *829. It con- 
tains a laiger proportion of carbon and oagrgen than the 
hydro-carbonates, for when it is passed through a tube 
hcau tl red, it is decompounded into heavy hydio-ear- 
bonatc and charcoal. Alcohol has never yet been ren- 
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dered solid by any degree of cold. It becomes a gas 
at the temperatme of 176°. 

(3) Etbui is produced during the action of solphuricy 
nitric^ or muriatic acid upon akobdL It is the lightest 

known fluid body, its specific gravity being only '739. 
It is possessed l>oth of a sU'ong aiid peculiar smell aiid 
taste. It is soluble in water. It docs not become solid 
by artificial cold. It bods at 96*^. It is very inflam- 
mable. It is decompounded by being passed through 
a tube heated red, affording products analogous to those 
produced by the decomposition of alcohoL It differs 
from that body in coni])osition, probably by coutainiiig 
more oxygc a and 1 1 v U i i>ge n. 

(4) Oils arc obtained by expression^ or distillation, 
from diflcrent v^e table and animal substances. In ge- 
neral thej are capable of freezing at low temperatures. 
They are immiscible with water. They are usually of 
less specific gravity than water. They are inflammable. 
Tbcy are decomposed when piu^scd throuj/h ignited 
tubes ; the product^j being chiefly charcoal and hydro- 
carbonate. 

The oils procured in different manners are extremely 
different in their properties; and it is probable that 
they owe their peculiarities 1o the different substances 

which they hold in solution. 

The oils called fixed, appear to he geneially com- 
bined with mucilage ; whereas tliose denomiaated vola- 
tile, contain vegetable aromatic matters. 

(5) Sugar is obtained flrom the inspissated juice of cer- 
tain plantSf such as the sugar-cane^ and the while beet 
Its phyucal properties are well Vnown. It is combusti- 
ble. It is decuiupo.sal >lo, like most of thf other vege- 
table pruductti^ by a high degree of heat. It is capable 
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of forming alcohol by fermentation. Its composition 
has not been hitherto exactly ascertained. 

(6) BsaiK is exuded from the barks of certain trees. 
It is Teiy little vapid or odorous. It is iniQammable. 
It b soluble in alcohol^ but not in mter. It is capable 
of being rendered fluid by heat It appears to difier 
from volatile oil, only by containing more oxygen. 

(7) Wax in its composition strongly resembles resin. 
It ia collected by bees, probably from the poUen of 
flowers. Its properties are well known. 

(8) Gum is found plentifully in many vegetables. It 
is often exuded from their barks. It is a transparent 
substance ; very brittle, tasteless, and inodorous. It is 
very sliglitiy iuJiammable. It is soluble in water: but 
insoluble in alcohol. It contains less oxygen than 
sugar ; consisting chiefly of carbon and hydrf^n, with 
probably a little nitrogen. Gum under certain modifi- 
cations of its principles, assumes the forms of xucii«- 

LAGE, imd of FECCIiA. 

(9) Tannin, or the tanning principle, is obtained 
when the precipitate obtained from a decoction of galls, 
by means of muriate of tin, is acted upon by sulphur- 
etted hydrogen. It appears in the form of a light brown 
pulverulent mass. Its tast# is bitter. It is soluble in 
water, and in alcohol. It is decomposable by heat 
It is possessed of affinity for many of the metallic 
oxydes. Its composition is not acciaatcly known. 

(10) Extract is obtained by evaporating the infu- 
sion of saffron in water. It is extremely soluble both 
in water and alcohol. It is insoluble in sulphuric ether. 
It is softened by a moderate d^^iee of heat» though it Is 
not fusible. At high temperatures it is decomposed. 

(11) The WOODY FiBiiE aiid luloi ring matters of 
vegetables have been very hide exauiinedy but their 
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composition is sii])posed to be analogous to that of the 
substances which have been just cLescjribed. 

3. Second Class, 

The acid substances chiefly composed of ox> gen, hy- 
drogen, and carbon, belong more particularly to the 
vegetable kingdom* They form a numerous class of 
bodies, and are poflsessed of veiy analogous physical 
properties. In general they are soluble in water^ de- 
composable by heat, possesaed of the sour taste, and 
capable of rendering vegetable blues red. 

(1) Acetous acid or vincjrar, is formed during the 
fermentation of wine, lis tasto is pleasantly sour; its 
amell is agreeable. It is a fluid easily rendered aenform 
by heat At a high temperature it is decomposable. 
It is capable of being deprived of a portion of carbon 
by distillation from metallic ozydes, when it becomes 
possessed of new properties, and is called acetic acid. 
Certain oi the empvroumatic oils when dissolved in 
acetous acid luateriaUy alter its properties. The sub- 
stances that were fi>nnerly termed pyromucons, pyro- 
ligneous, and pyrotartaric acids, are wholly composed 
of acetous acid and empyrenmatic oils. 

(2) Tartaric acid is procured from acidulous tar- 
trate of potash, which is found in wines, by treatment 
with lime and sulphuric acid. It is a solid substance, 
generally composed of needle-formed cr}'stals. Its taste 
IS veiy sour. It is soluble in water, and decomposable 
by bent 

(3) OzAUC ACID is generally obtained from the juice 

of the wood sorrel, oxalis acctosella. It may likewise 
be obtained from the action of nitric acid upon sugar 

YOU. JU R 
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and otber vegetable oxjdes. It contains mote oxygen 
than tai raric acid. It is a crystallized solid, soluble 
in half ii& weight of boiimg water. Of all the acids it 
is posscs^d of the strongest affinity for lime. 

(4) CiTBic ACID is obtained irom the juice of lemoD8» 
when it is treated with lime and ralphniic acid. It is a 
solid crystallized body ; extremely soluble in water, and 
in its aqueous solution is possessed of a very pleasant 
acid taste. 

(5) Malic acid is extracted from the juice of ripe 
fruits by means of lime and aoetite of lead. It is easily 
decomposed by heat It is Odnvertedy by nitric add| 
into oxalic acid. 

(6) Gallic acid is obtained bysnblimation fiom die 
aqueous extract of galls. It generally a])pears in the 
form of small grey crystals. It precipitates the red 
oxyde of iron black from its solutions. Its taste is very 
acrid. 

(7) SucciKtc Acm is obtained by the disdOatioii of 
amber. It ii crystallized in three-sided prisma cf a 

beautiful white colour. It is inflammable. 

(8) Benzoic acid is procured from benzoin, storax, 
and other substances, by means of heat. Its smell is 
aromatic, and its taste extremely pungent. It is crys* 
talhaed in compressed prisms. It is very fusible^ and 
volatile. It bums in contact with oxygen. It is 
soluble in nitric acid. 

(9) Camphoric Acro is produced daring the distil- 
lation of camphor wiili nitric acid. It cr\ st^^llizes in 
paraiieiopipeds. It is very httle soluble in water. It 
boms in contact with the atmosphere^ forming oew 
compoundsy wholly gaseous. 

(10) ScBBBic ACID is foHucd by the distillation of 
nitric acid from wood. It jb soluble in about fifry times 
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its weight of water* Its taste is tlightlf sour. It is 
easily deoomposed fay heat. 

(11) Mucous ACID, or saccholactic acid is obtained 
by the di&ullation of gum or mucilage with nitric acid^ 
and likewise trum sugar oi milk. It ajqpears in the form 
of a white powder^ yeiy little soluble in water. It is 
decomposed with more difficulty than most of the other 
▼egetaUe acids. 

4. Third Class. 

The compounds possessed of no acid properties, 
chiefly containing oxygen, hydrogen, carbon, and ni- 
trogen, are in general ibiind in the animal kingdom. 
The relative proportions of the principles that compose 
them are unknown. One of their most characteristic 
properties is the facility with which their composition is 
altered. 

(\) Gelatine is obtained from different animal mat- 
ten^ and particularly from ^dn» by means of boiling 
amter. In its solid form it appeans as a semiductile^ 
tiansparent, substance, without taste or smelL It is ex« 
tremely soluble in warm water ; but insoluble in alcohoL 
It is coinbuhtible ; and decomposable by heat. It is 
soluble in the acids. It is precipitated from its aqueous 
solutions by uitromuriate of tin^ and likewise by tannin. 
Combined with tannin it forms an msoluble eompoimd, 
analogoos to leather. 

(2) Albumen is found plentifully in the eggs of birds, 
and in other animal productions. In iu natuial sLatc it 
appears in the form of a transparent viscous ihiid, pos- 
sessed of no distinct taste or smelL Its moi>t character- 
istic property is its coagulation by a heat of 165° into a 
permanent solid mass. Albumen, when liquid, is comp 
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billable with water ; but when coagulated, it seems to 
have little affinity for that fluid. Coagulated albumen 
is soluble in solutions of alkaline substances. Albumen 

is capable of being combined willi taiiain. It con- 
tains a little sulphur united with its other constituent 
parts 

(3) FiBiuNB is procured from the blood of animals by 
repeated washing of the coagulum. It is of a white 
colour. It is insoluble in water, and in alcohoL The 

alkaline aqucons solutions, when cold, do not dissolve 
it ; but wlien very concentrated, they decompose it. It 
is soluble in many of tbe acids. 

(4) Ubba is a crystallized substance obtained from 
urine. It Is soluble in water and in alcohol It is 
combinable with certain of the acid and alkaline solii> 
tions. 

(5) Gluten is obtained from wheat flour, when all 
its other constituent parts have been separated by water. 
Though of v^etable 'origin, it bears a strong analogy to 
the substances which have been just described; and 
evidently contains a considerable quantity of nitrogen. 
It is insoluble in alcohoL It is combinable with heated 
alkaline solutions. 

6. Fourth Class, 

Amongst the acid substancesy chiefly containing oxy- 
gen, hydrogen, carbon, and nitrogen, some are found 

native in animal solids and fluids, others are produced 
diirincj their natural or aniiicial decomposition. The 
native animal acids are the formic acid^ the bombic 
acid> the laccic acid» the selbacic acid, and the uric 
acid. The acids produced by the decomposition of 
animal substances by heat» are the prussic.and sooxdo 
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acida The lactic ackL Is formed daring tlie fennen- 
tadon of milk. 

(1) The FORMIC ACID is found in a particular species 
of ants (the formica ruslica ) ; and it is obtained by their 
distillation. It is extremely aoaiogous to the acetic 
acid. It has a strong smellj and a very sour and caiiatic 
taste. In its common form it is floid, bat it may be 
easily ToladHsed. It is soluble in alcboli and is decom- 
posed b}' nitrous acid. 

(2) The BOMBic ACID is obtained from the silkworm, 
and fix>m certain species of moths. Its taste is slightly 
soar; and it reddens vegetable blues. Its properties 
are very little known* 

(3) Laccic acid is obtained by a low degree of heat 
from a substance called white lac^ formed by certain in* 
sects of the coccus tribe. It is a fluid possessed of a salt, 
bitterish, taste. It is capable of being crystallized. It 
boils at 200°. It is easily decomposed at a higher tem- 
perature* 

(4) Sbbacxc acid is procured by treating a mixture of 
lime and suet, which has been exposed to heat, by sul- 
phuric acid. It has an acrid taste, and a very pungent 
smelL It is decomposable by heat. When mixed with 
nitric acid it enables it to dissolve gold. 

(5) Ubic Acm is obtained.from an alkaline solution of 
the orinary calculus, by means of acetous acid. It crys- 
tallizes in thin plates. Its colour is brown. It has very 
little taste or smell. It is soluble in three hundred 
pans of boiling water. It combine s l eadilv with alkaline 
substances. It is acted upon by nitric acid, to which it 
communicates a pink colour. 

(6) Pairsaxc acid is formed when ammoniacal gas is 
passed over ignited charcoaL It is obtained for com- 
mon purposes from tlie dtcumposition of alkaline prus- 
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mates, hj acids. It is ezceedinglj Toktik. Its smell m 
peculiar, and its taste is sweetiflb, but acricL It is easily 

decompounded by heat, when united to the alkalies, 
producing carbonate of ammonia. It has a very strong 
alhnity for the mctaiiic oxydes. Combined with red 
ozyde of iron it forms a bright bine sobatanoe;, known 
by the name of pmssian blue. 

(7) Zoomo Acm is procured from animal substanees 
by distillation ; and likewise from gluten. It is purified 
by treatment with linie and phosphoric acid. Its smell 
is like that of roast meat Its taste is acrid. It is easily 
volatilised. It produces a white precipitate xa the so- 
lutions of acetite of lead, and nitrate of mevcuiy. 

(8) Lactic acid is procured from sour milk by treat- 
ment of it with lime and alcohol. It is a solid body, 
very soluble iu water. Its chemical pruperties aie very 
little koown. 

6. Fifth Class. 

The fifth class of the more compounded substances, 

may be divided iiilo metallic compounds, and emtliy 
and alkaline compounds. 

(1) The metallic compoundfl» containing more than 
two simple principles^ are extremely numerous but of 
veiy little importance in the chemical arrangement 
Their properties in general have not been stu<UedL 
Amongst the ternary and quartemary alloys in common 
use, arc the alloys of hisinutJi with lead and tin, which 
are extremely fusible; the alloys of mercury ^'\\\\ zhw, 
tin, and lead, used in electrical experiments ; different 
compound aikys of eojpper. There are no known 
temaiy combinations of the inflammable bodies and 
metals. 
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(2) The earths are c^ble of combining with each 
other, and nith the alkaline aubatances, in manj dif- 
ferent proportiotis, A very great number <^ ^eir com- 
pounds is found ill nature ; and many ot thc iu are niado 
in different artificial processes. The rrsiiipoiinds of 
aliimine, siiex, lime, and magnesia, in ditiereut propor- 
doas, axe capable of being softened^ and, in certain 
caaea fuaed, by heat 

In general the earthy, or alkaline substances^ which 
are infusible alone, lose this property by being mixed 
together, and become fluid at the time that they enter 
into combination. 

DIVISION V. 

OW 8UB8TAKCI8 COMPOSED OP PIPPBBBNT COMPOUND 
BODIES, OR OF COMPOUND BODIB8 AND 8IMPLE BODIES. 

1* Cbissfflcaiiam of Subiiance$ eantahunff d^^rent dm' 

pomd BaeUei, jr. 

The subatancea considered in this dimion are in 

general capable of being composed either from different 
coni])oiin(l bodies, and from comjuiiuid bodies and 
simple bodies, or of being decomposed into them. 
Hence thej are considered as owing their formation to 
pecnfiar attractions of undecompounded principles^ modi- 
fied by a previous combination. They exist for the 
greater part in nature : many of them are capable of being 
formed ai tificially. If we derive the methods of arrantr- 
ing them from their physical relations, they may be 
considered under four classes. 

L Saline compounds. IL Mineral substances. IIL 
Vegetable substances* IV. Animal subatancea. 
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2. First Class, 

The saline eompoondfl aie subetances containing, as 

one of their cuiistitucnt parts, at least, an acid, an alkali, 
or an ox^ de. They are very numerous, and are capable 
of being formed, aii4 decomposed, artifidallj. In 
general they are more or less soluble in water. They 
are often possessed of taste. They are chiefly incom- 
bustible. When solid they are nonconductors of elec- 
tricity. They may be considered under three genera. 
1. Compounds containinpr acids. 2. C(im])oinids con- 
taining alkalies* 3. Compounds coatainni^^ oxydes* 

(1) CosfPouxDs containing a cms. The acids are 
capable of combining with the fixed alkaline substancesy 
with ammonia, with the metallic oxydes, and with all 
the earths except silex, when they are merely brought 
in contact with them ; and the bodies thev ibrni with 
them have been generally called compound salts. The 
compound salts are usually transparent, solid, crystal- 
lised, substances. Their names are derived from the 
acids, and the bases, that constitute theoL They are 
not of such importance in the general arrangement of 
chemistry as to require description individually ; and 
they may be considered in species possessed ol aiudo- 
gous properties, and correspoudiug in number with the 
acids. 

a. The sulphuric, and sulphureous acids combined 
with the alkaline substances, &c. form salts called respec- 
tively sulphates and sulphites, which arc convertible into 
sulphurets by iirnition with charcoal. 

h The compounds of the nitric acid are called 
nitrates. They are decomposable by heat, and detonate 
when mingled with inflammable substances. 

c. Many of the compounds containing muriatic acid. 
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or the muriaU$f have been described in Div, ILL Sect 
6. and the rest have no important characters. 

dL The compounds containing phosphoric^ and phos- 
phorous acids, or the phosphates and phogpkUes are not 

decomposable by heat; and thcj are known from the 
disengagement of their acids^ bj means oi sulphuric 
acid. 

e» The compounds containing caibonic acid, or the 
earbonaie$9 are in general decomposable by heat; 
and they retain, more or less, the characters of their 

bases. 

f. The compounds of the fluoric acid, or the Jlucdes, 
have already, iu part, been described, Div. ILL Sect 6. 
In general they evolve a dense white vapour on the 
contact of sulphuric acid, which corrodes glass. 

Many of the compounds of ihe boracic acid, or die 
horatesy have been noticed in the same division as the 
fiuates. They are all fusible at high temperatures, aud 
easily decompounded by different acids. 

h. The anematei and anenite$, or the salts contain- 
ing the afKnic and arsenious adds, are known by the 
arsenical smell they emit when brought in contact with 
hot charcoal. 

i» Tlic properties of the tuvfjstates, and of the mohfh- 
dafes, or the salts containing the tungstic, aud molybdic 
acids, are very little known. The compounds of the 
chromic acid or the ehromaie$ are characterized by their 
peculiar colours. 

L The aeeHteg or the compounds of the acetous acid, 
are decomposable by heat, and they are known by 
their acid when it is disengaged by means of sulphuric 
acid. 

L The compounds of the tartaric acid or the 
iartraiie$i are ascertainable by their faintly addulous 
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taste, and the facilUj witli which thej are decomposed 
bj heat. 

fli. The oxalates^ or the compounds of the oxalic add, 
am disdnguiahed b j the power of their acid to deoam- 
poee all calcareous salts. 

It. The compounds of the citric, the malic, and the 
benzoic acids, or the citrates^ malntes, benzoates, are 
known oulj from the disengagement and examination 
of their acids. 

0. The ifoBates^ or the eompomids of the gallic add ; 
when metallic, arc characteriaced bj their striking 
coioors ; and when alkaline, bj their power of precipi- 
tating red oxydc ot iron black from all its solutions. 

p. The compounds of camphoric, suberic, nuicous, 
and succinic, acid^ or the camphorates, suberates, mucitet^ 
and succinates are very io^rfectlj known, and they 
are chiefly distinguished by simple decompo6ition» when 
their mAda are eyoWed. 

q. The formiateSy the hoynhiafes^ the laccates, the 
sebateSf and the iK'tafn^ or the coiniHmuds containingj 
tlie formic, and the bombic, the iaccic, the sebacic, and 
the lacdc, acids have in general been TCiy little 
examined, and they are only known by the disengage* 
ment of their adds. 

r. The prussiates, or the compounds containing 
prussic acid, are disiuictl\ characterized by their various 
colours, or by their powers of producing colour^ when 
mingled with certain metallic solutions. 

a. The anmleg, or the compounds containing soonic 
add, are suffidently distinguished by the animal ameli 
produced during the disengagement of their acid. 

t The compounds containing oxygenated muriatic 
add, or the oxygenated muriates, are known by their 
power of detonating by concussion^ when mingled with 
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infiammablc substances ; and likewise from the diseu- 
gagement of their acid. 

«. The l^^dmu^9hmret$, or the oomhinatioDfl of sulpha- 
letted hydrogen, aie known hj their peculiar smell «nd 
eoIouTy and the ikcilily inth which they are decom- 
posed. 

All these compound salts may be considered as binary 
combinations of acids with single basea, and may be 
eaUed double salts. But there are other substances 
which consist of an acid and two bases. These com- 
pounds have as yet been yery litde examined. Many 
of them contain magnesia and ammonia, or ammuiiiii 
and metallic oxydcs. They are called triple salts. 

(2) Saline bodies containmg alkaline SL'BSTAMCEa. 
The aUcaline substances are capable of combining with 
many other bodies besides the acids. They enter into 
onion with oik, fat, albumen* alcohol* and other com- 
pound bodies. 

Amongst the alkaline conipoimds most worthy of 
notice are, the soaps, the hvdrogenated snlphnrcts, and 
the substances containing alkalies and metallic oxydes. 

a* The soaps are formed by the combination of Tola^ 
tile or fixed oils or ftt wilh the alkaline substances. 
Amongst them the aoaps containing p&ta$hj toda, and 
ammonia, are soluble in water, decomposable by heat, 
and possessed of an arrid taste and a peculiar smell. 
The soapg containing baryteSi strontian, Ume, and ma^" 
nemo, are nearly insoluble in water, and possessed of no 
important properties. 

i. The ^xed alkaUne hydroffenated ntfyhurdt are pro- 
duced, w hen the alkaline sulphurets are acted upon by 
water. They arc compounds of sulphuretted hydrogen, 
and sulphuxels. They are soluble in water. They are 
rsiwUly decompounded by acids^ winch combine with 
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tlie nlkfili, when the sulphuretted hydrogen and sulphur 
are rendered free. They are of a yellow colour, and 
poasessed of a disagreeable smell and a nauseous taste. 
They blacken the skin when applied to it. Thej rea- 
dily absorb oxygen gas ; and in consequenee, have been 
successfully employed as eudiometrical substances. 

Animonia is fa[mble of coniljininiz: ^^yth sulphur and 
sulphuretted iiydrogen, so as to form a compouud iiolu^ 
hie in water, called hydrogeiiated sulphuret of nrnmonkh 
This Gomponnd is usaally fonned by the distillation of 
a mixture of lime, muriate of ammonia, and sulphur. 

c. The svhstances contmmng alkalies, and metaOie axydes 
will be immediately noticed. 

(3) 8 ALIKE BODIES Containing oxydes. Many of the 
metallic oxydes are capable of combining with the alkar 
lies ; and the substances they form with them are pos- 
sessed of Tery singular properticB. Amongst the com- 
pounds of the metallic oxydes and alkalies, the most 
iiii|)uriant are the ammoniurets of silver, gold, mercury, 
and co])pcr. 

a. The ammomuret of iilver or aaimoniacai Mminat- 
ing silver is formed when oxyde of silver is digested 
for some time in caustic solution of ammonia. It is 
a crystaliized substance ; and it detonates with astonish- 

ing violence when slightly heated, or even when gently 
touched. 

b. The ammomureU qf gold, niercurt/, and copper, are 
procured in a manner similar to that in which the am- 
moniuret of silver is formed. The ammoniaret of gold 
fulminates when it is briskly rubbed, or heated pretty 
strongly. The ammoniuret of copper does not fulmi- 
nate. It is of a beaulitul blue colour. 

c. The oxydes of mercury and silver, when treated 
with nitric acid and alcohol are capable of becoming 
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powerful detonating compounds. And in this state, 
i^pear to be combined with oxalic acid, and nitrous 
etherised gyu. 

The fidminatmg mercury , and fidmmeetiiig tSoer, are 
both opaque bodies, one white, and the other grey. 
They explode at temperatures much below those of 
ignitiuii. The discovery of these substances is owing 
to Mr. Howard. 

The metallic ozjdea are capable of combining with 
oils; but the properties of the compounds they form 
with them have been very little studied. 

3. Second Claee, 

The substances composed of different compounds of 
the earths, alkaline substances, and metals, have been 
clasBfd under the general name of mineral bodies^ for 
they enst for the most part in nature. The accurate 

classification of them, according to a minute obnon jition 
of their external pro]K rtit»s, chemical compobilion, and 
relations to each other and to different natural and arti- 
ficial substances^ belongs to an extensive branch of 
chemical science named mmerahgy. In this place, they 
will be noticed only in their connexions with the sob- 
stances, which may be considered as their constituent 
parts, mentiuiic'd in the preceding sections. 

They may be divided into compounds chietiy metal- 
lic^ which are generally ores; or compounds chieffy 
earthy, which are principally stones. 

(1) The coMPOuinDB cbiefly mbtai^lig. The me* 
talUc ozydes, alloys, and sulphurets, may be considered 
as forming the bases of the very compounded metallic 
subftlauces. 

The metallic oxydes are o^n found in nature, com- 
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bined with silicious and aluniinous earth, aiKl likewise 
with certain of the fixed alkaline substances tuniiing 
di£terent ores. Thusy the oxyde of iron is found com- 
Iniied with alonune and Ume in the aluminous ixon- 
stone. 

The compoiinds containing metallic ozydet are ex*- 

tremely various in their composition: and their pro- 
perties are very little analogous. Amonp:st them may 
be mentioned the hematites, calamine, and molybdate 
of lead. 

The metallic allojs and aulj^urets an often found 

combined together in different ores. Thus the blendes 
or ores of zinc often contain co])per and lead; and 

galena, ur the sulphuret of lead is often united to sil- 
ver. These combinations are as yet very httie under- 
stood. 

(2) The coHPouNBs cHmrLT containing bastob 
are in general divided into genera, which are named 
firom the simple earth or alkaline substance of which 

they contain tlie largest proportion. The genera con- 
taining the greatest number ot bodies are, 1. The silici- 
ous. 2. The aluminous. 3. The calcareous. 4. The 
magnesian. These genera, in the mineralogical system, 
apply not only to the more compounded substances^ but 
likewise to the binary and temaiy compounds, &c. 

In the giBeimu pema, the most important of the mofc 
coinpoiiiided stones arc quartz, felspar, homstone, cor- 
nelian, clmleedony, Unit, &c. all of wliich are ibund, 
owing their colours to metallic oxydes. 

The alundnMu ^um oontamsi amoDgBt other snb- 
Btanees, corundum, ruby, emeiaU, topas^ ahistus, smec^ 
its, lithomai^, bole, lepidolite, talc, horn- 

blende, waekon, trap, killas. 

In the caicare&ua genus are classed the varieties of 
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limestone^ dolomite, the mariites, the fluates, pho^>)io- 
ritat» &c. which are all, in ftc^ oompoond salts con- 
tainizig metallic ox jdes, Bee 

Amongst the stones belonging to the mof^netian ^ 

nus arc the steatites, the serpentine^ jade, ubestus, 
chrysolite, &c. 

(3) The earths and tlie alkaline and metallic sub* 
staacesy in their different compounds, constitute by far 
dfee greater portion of the known solid matter of the 
globe. And these compounds, in their natural arrange* 
ment, are iband either collected in immense indurated, 
and often stratified inassos, as rocks, or in Muallcr 
masses, stoiies and pebbies^ or in a state of loose mix- 
ture} as in soils. 

4. Third Class. 

The epidermis, the parenchyma, the cortical layers, 
the wood, the pith, the sap, and other sulisiaiices found 
in the roots, trunks, leaves, liowers, and seeds of plants, 
appear for the most part, to be compounded of the 
oxydes and acids containing oxygeu^ hydrogen and 
carbon, of water, and different etrths and salts. We 
are, however, yery little acquainted with the arrange- 
ment of these their constituent ^mi us, 

Wc can oiilv examine vegetable suhstaiiccs chemi- 
caliy in their dead state. Our analysis of them is gene* 
tally made by heat* and we are wholly inciqpable of 
proving the accuracy of it by synthesis. 

The organs of different yegetables, as fiff as they have 
been examined, differ as much in their composition, as 
in their external properties, so that it is impossible to 
q^eak with accuracy in any but general terms, of the 
nature of the substances that compose them. 
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(1) The SOLID PARTS OF PLANTS, The epidermis of 
plants in general, appears to be ia a great measure 
formed of extract and woody Bhte, combined with dif- 
ferent eoirtiis and caydeB of iron* 

The parenchyma and etfrtieal layen in plants, veiy 
often contain tannin, gallic acid, mucilage, sugar, and 
resin. 

The wood of plants, which is cliietiy formed of woody 
fibre, likewise omitains tanniUf xesin, mucilage^ and 
gallic acid. 

The eompoflttion of^/fotoeri is veiy litde known. The 
pollen in them b composed of a very infiammable sub- 
stance. Many of the fruits and grains contain large 
quant kics of fccula, of sugar, and of different aeid'^, al- 
ways combined with water and woody hbrc, and in cei^ 
tain instances with gluten. 

The »aft matter of the ISme* of plants often contains 
extract and mucilage, and sometimes albumen. The 
external surface of leaves is sometimes thinly covered 
witii wax. 

(2) The FLUID PARTS. The sap in plants is chiefly 
water holding in solution difierent salts and acids, with 
a litde sugar and mucilage. 

The <r0ierjmce$ contuned in the vessels of plants^ are 
very various in their compoeidon. Amongst them may 
be found oils coiubined witli mucil;<ge, antl coluuring, 
and aromatic matters, and other peculiar fluids, capable 
of forming gum, resin, and other substances of the same 
kind, when exposed to the air. 

5. Fourth Ckus. 

The chemistry of animal substances is as vet in its 
infimcy, and the only instrument it can employ is im» 
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perfect analysis. The animal oigans in the only state 
in which they can become the subjects of experiment 
even in the dead state^ are constantly undei^oing 

changes which cannot be accurately estimated; and 
cons( (pu ntlv the account that can bo given of their 
compositiou must be considered as more or less general^ 
vague, and uncertain. 

The more compounded substances which enter into 
their composition, and which are capable of being che- 
mically examined, are either solids or fluids. Amongst 
the solids luay be enumerated skin, muscular fibre, the 
matter of fat, the soft matter composing the nerves, 
membrane, cartilage^ and bony matter. The principaL 
fluids are, blood, chyle, bile, milk, the gastric and pan- 
creatic juices, and the saliva. 

These bodies, as ftr as they have been analysed, by 
reagents, and by heat, appear to consist in general of 
different proportions of the substances described in Div. 
IV. Sect. 4. and t>. combined, in unknown arrange- 
ments, and in general in organized forms, with water, 
mucilage, and different earths, and salts. 

(1) The SOLID PABTSL In the skin, the epidermis 
appears to consist chiefly of albumen, gelatine, and 
phosphate of Hme ; and the cutis of gelatine, and 
fibrine, with a verv little all)umcn. 

The mtucular fibre is almost whoUy composed of 
fibiine, combined with gelatine, albumen, and probably 
certain neutral salts. 

The moMer qf fat is chiefly composed of piT€ fitt, and 
the sebacic acid. In the state in which it is found in 
animrils, it is soft, and is possessed of no regular or- 
ganized appearance. 

The aofi matter composing the nerves has been very 
little examined* In some of its properties it is analo* 
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goof to albumen; bat there is every reason to betsere 
that its compontion b extremely oomplicatecL 

liMrtme and eartUape are chiefly compoaed of go* 
htine and albnmen^ with a minute quantity of phoe» 

pliate of lime. 

Bo/iT/ mat(( r is chiefly composed of phosphate of lime 
combined \s ith gelatine, and sometimes with a little car^ 
bonate of lime and albumen. 

(2) Anih AL Fumna. Blood ia found in two atatesy aa 
arterial blood, which is of a bright Tmailion colour; 
and as venous blood, which is of a dark red colour. 
The principal constituent parts of these two fluids are 
nearly the same ; and they both, as soon as they are 
taken out of the living vessels, separate into two dia- 
tinct partBi one of which is solid, the coagulum ; and 
the o^er fluid, the serum. The coagulum consiata of 
fibrine, and of colouring particles ; of which the colour*- 
ing particles are composed of water, albumen, gelatine, 
phosphate of iron, and soda. The serum is composed 
of albumen, gelatine, and certain neutral salts, held in 
solution by water. The red particles in the arterial 
blood appear to contain more oxygen than those in 
the Tenous blood; and this is probably one of the 
essential causes of the difference between the two 
fluids. 

The composition of chyk is very Uttle known. There 
is every reason to believe that its constituent principles 
are analogous to those of blood ; and the theory of the 
conversion of chyle into blood is a most interesting sub- 
ject for physiolo^cal investigation. 

Bile is chiefly coDiposcd of animal oil combined with 
soda, and lield in solution by water. It contains, like- 
wise, albumen, and smaU portions of difierent com- 
pound salts. 
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ASik may be separated^ by veiy simple proceflses^ into 
thsee disdnct parts, the seram, the coaguhim or the 
CMeons part, and die oily part or butter. The semrn 

appears to be composed clili tiy ot' water, holding in so- 
lution ijiucilap^e, sugar, and ditl'crent salts. The ca-^ruus 
matter approaches near to albumen iu its chemical pro- 
perties; and the oily matter or butter, seems to consist 
chiefly of a pure oil» probably combined with a small 
qnanlity of mucilage and flaccharine matter. 

The chemical composition of the gastfie and pancre^ 
otic juices is very little known. 

The saliva appears to be chiefly composed of water, 
holding in solution mucilage, albumen, and minute por- 
tkma of nentral salts* 



DIVISION VI. 
QBHBRAL FBUENOMENA OF CHRMICAL ▲CTION. 

1. Classification, 

The phenomena connected with the composition and 
the decuiiiposition of the compound bodic?;, described 
in the three last divisions, are capable of bcuig gene- 
ralized ; and as 6r as they relate to the chemistxy of 
ponderable subBtances, they may be explained by the 
propositions concerning the laws of attraction men- 
tioned in Div. 1. Sect 5. 

All chemical action, which can be considc i c^d as re- 
sulting from tlie primary powers of ])onderablc sub- 
atances, may be divided into four kinds. I. Simple 
combination* IL Compound combination. III. Sim- 
ple decomposition. lY. Complex decomposition. 
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2. Simple Combination. 

(1) Whenever two simple bodies enter into onion^ 
their attraction is mutual, and they appear to act upon 
each other with different forces. Id oonndering these 

forces, they will be found to depend, not only upon the 
difference between the primary aihiiities of the sub- 
stances ibr each other, but likewise upon the difference 
of their masses^ that is, upon the number of different 
particles brought into the sphere of activity. Div. L 
Prop. (I) and (4). 

Instances of these expressions of &et8 may be found 
in the binary combinations of simple principles, Divi- 
sion III. Thus in the different oxydes of iron, the 
oxygen is condensed in the solid fbxm ; and it adheres 
to the iron with a force so much greater* in propordim 
as the iron is less satorated with it. 

(2) When three or more simple bodies combine, so 
as to form one compound, their forces of attraction de- 
pend upon similar causes. They may all possess dif- 
ferent affinities lor each other, or their affinities may be 
intermediate ; and the numbers of die particles of each 
in the sphere of activity may be different. In cases of 
temaiy and quartemaiy ccnnbinationy 8ec. the con- 
didons are very complicated; and they can only be 
estimated accurately, by a comparison of the forces 
cxorti'd bv the different siil)stances. corisklered as to 
their simplest, or binary attractions ibr each other. For 
instances of temaiy and quartemaiy combination^ te« 
see Div. IV. 

(3) When two simple principles, possessed of no^afB-^ 

nity for each other, act upon a third simple principle 
with different forces, two com]^uunds are generally 
formed ; and the simple principle acted upon is divided 
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accofding to the masBes of the acting bodies, and the 
different force of their affinities. 

Thus when diflerent masBee of potash and of aoda are 

mingled and made to act upon a small quantity of mu- 
riatic acid, much muriate of potash, and a small quan- 
tity of muriate of soda will be formed, though either of 
the quantities of alkali would have been sufficient for 
the saturation of the acid, and though the affinity of 
potash for it is veiy much greater than that of soda. 

(4) All chemical action is connected with change of 
volume and change of temperature, Div. I, Prop. ( 6). This 
circumstance it i« necessary to attend to minutely, in 
judging ot the ctticacy of combining ibrce& l or m the 
affinities of substances for each other, are modified by 
their temperatniej Diy. L Ftop.(5), it follows, that in all 
eases of combination, the primary combining forces 
must be perpetually undergoing alteration, in conse- 
quence of the increase or diiuiuution of the temperatures 
of the substances acted upon* 

3. Of Compound Coinbiiuitioru 

(1) The affini^ of one body A, for another B, is not 

destroyed by its combination with a third but only 
modified ; either by condensatiuii or expansion, or by 
the altinity of B for C. Tliis is an application ot the 
obsenradon mentioned in the last section (3), relating to 
the combination of more than two bodies. When we 
leason accurately upon it, we must resolve the affinity 
of compound bodies iw each other, into the affinities 
of their siuiple constituent principles j and we must 
iiccoiint for the peculiar circumstances of their combina- 
tion irum the modified forces exerted by these affinities, 
Xhus^ in the combination of sulphuric acid and ammonia^ 
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five ample affinitiei may be SQppoeed to exist 1. That 
of oxygen for sulphur. 2. That of oxygen i^r hydrogen. 
3. That of milphmr for hydro^^. 4. That of mtrogen 

for hydrogen, and 5. J'linL ol Uitrogcn for oxygen. The 
result of the iiiodiHcation of these affinities by each 
other, is that equihbnum of attnu ting forces, by which 
sulphate of ammonia is produced. See Dir. L Prop. !» 
and all the obserrations in the last section* 

(2) The modes in which compound affinity is exerted 
are extremely various. In considering them, it is 
necessary to attend minutely to the elasticity and cohe- 
sion of the different acting principles, and to consider 
how far these properties are capable of modifying the 
force of combination* 

(3) Amongst the casea of compound comhmation» 
some of the most remaHcaUe are those piodiieed by 
what is called predisposing affinity. Such cases, and 
various other analo<rous cases, occur in the formation of 
the dubstances mentioued in Div. V. 



4* Simple JDecompoiUion. 

(1) When a simple substance acts upon a compoond 

body, and combines with one or more of its constituents, 
leaving the other constituent or constituents apparently 
unaltered, it is said to act by a simple affinity. Thus, 
charcoal when ignited, and placed in contact with 
oxyde of copper, is said to combine with its oxyj^pen, in 
Gonseqnenceof its simple affinity it; so thatcaibonk 
add and gaseous oxyde of carbon, ave lonnedy and the 
copper remains free. Div. L Prop. ( 2 ). 

(2) It seldom, liowcver, happens that anv perfect 
decomposition of a compound body is eii'ected by the 
affinity of a ample substance alone. For, aocoiding to 
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the observation mentioiied in Section 2, (3)» the body in 
comfaiiiation is acted opon by two forces of different 
degrees of power; and tbongli a new compound la 
formed, jet the old compound is not perfectly destroyed ; 

aiid the principle fRtcd upon, is divided Ijctween the 
actini; bodies, act- oi ding to the torcc of attnit lioii result- 
ing trom their primary aifiuities, and tlieir masses. 
Tha8» when mercury acts upon heated sulphuric acid»' 
two new compounds are fomcd, oxyde of mercuiy at 
its minimum of oxydation^ and sulphureous acid ; i e. 
the oxygen is divided between the sulphur and the 
mercury, according to their respective attractinp: forces. 

(3) In all cases, in which conij)lete decoiiiixj-itioa 
i^ppwrs to take place trom simple aiiiiiity, it geueraiiy 
happens that other powers are brought into action; 
such as a considerable increase or diminution of the 
Ibrce of cohesion in the particles of the body acted 
upon, which, by altering according to circumstances 
its powers of remainin^^ in its primary compoun<L dis- 
j)ose it either to become free, or to combine with the 
new agent. Div. L Frop. (5) and (6 ) and Div. VL 
Sec. 2. (4). Thus a complete decomposition <^ tiie 
while ozyde of mercuty is produced by the agency of 
ignited charcoal. But the heat applied in this process 
acts as much as the charcoal in producing the decompo- 
sition • for heat alone is caj)ai)lc of ex|)eliing oxygen gas 
from the white oxyde of mercury, 

(4) To determine the elective affinilj of two sub- 
stances for a third» it is necessary to determine in what 
proportion, as equal masses, they are saturated respec- 
tively by equal quantities of the third body. For their 
affinities are inversely as their saturation. From the 
constant exertion, lio\sever, of the fifth law of attrac- 
tion» by which the ciastkity and force of cohesion of 
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the particles of dififerent bodies are perpetually rvry^ 
lug in different ratios during chemical action, il 
is almost impossible to determine with perfect accu- 
racy their relative forces of attraction for other bodies. 
And the tables of elective afimitiea laid down in various 
books, must be considered as presenting useful rather 
than accurate approximations to the true nature of 
relative affini^. 

4 

5. Complex Deeon^podtUm, 

(1) The forces by which a new arrangement of the 
principles of two or more compound bodies is produced, 
are usually said to be exerted by complex affinity. 

Thus, red sulphate of iron, and prussiate of potash are 
said to be converted iiii > blue prussiate of iron, and sul- 
phate of potash by coiiipicx affinity. 

(2) The same laws apply to complex decomposition 
as to simple decomposition, and in all cases the phaeno* 
mena must be accounted for, from the forces of aflfinity 
resulting from the masses of the acting bodies, their 
primary attractions, and their dispositions towards 
cohesion, or elasticity, Div. 1. the ^^ hole of Sect. 5. 

(3) The pluenoiiiena of coni})ound decomposition 
have been very little studied ; and the instances relating 
to ity which have been chieiiy noticed, are those of 
doubk affinity, derived from the mutusi action of two 
compound salts. 

6. Of CfystaWzaHon, 

When, inconsequence of chemical action, solid bodies 
are slowly produced, or evolved, they generally appear 
in regular polyhedral forms, L e. as crystals. 
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The nomerouB TBiieties of cfystallixationf which im- 
mediately depend on Tariously modifiedtsnd compli- 
cated forces of attraction, are capable of being explained 

froiii diifercnt arrangements of six primitive forms. 
1. The parnllelopidedon in general. 2. TIic regular 
tetrahedron. 3. The octahedron with triangular sides. 
4* The hexagonal prism. 5. The dodecahedron^ 
bounded by rhombs* 6. The dodecahedron, bounded 
by isosceles triangles. 
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PART n, 

THE CHEMISTRY OF iMPONDEEABLE SUBSTANCES. 

DIVISION I. 

OF HEAT OR CAJLOKIC. 

!• I/Uroduction* 

A NUMEROUS class of beautiful and important appear- 
ances is produced in nature, by agents, which, though 
very imperfectly known, are yet suffieienUy distin- 
gubhed by their imponderabilityy and other properties^ 
fiom the sabfltances considered in the first part of this 
syllabus. 

Heat or caloric, as well as light, c Icctricity, and gal- 
vanism, are terms reprcsenring the unknown causes of 
certain effects, which tbrin an interesting part of chemi- 
cn! science^ and which without reference to the nature 
of the powers by which they are produced^ may be 
inyestigated and arranged as simple collections of Acts. 

* 

2. CfOe Effects of ffeoL 

(1) Heat was considered as the general power of ex- 
pansbn in Fart L Div. L Its parttcolar agendes^ and 
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the laws by which it is govemed^ are worthy oi a minute 
examinaricML 

(2) The effects <^ thoee actions of heal npcxi living 
organs, by which the peculiar aeneatiom of heat and 

cold arc produced, are well known. They aie reiative, 
and influenced by the state ot" tlie organ. 

(3) Bodies increase in volume when heat is added to 
them, and diminish in volume when it is subtracted from 
them. The exceptions to this law are very few. Diffe* 
rent bodies, and even the same bodies, when diflbrently 
heated, ex^iand in different ratios, by the additions 
of equal quantities of heat. In general, gases are 
more expansible by heat than fluids, and fluids than 
solids. 

(4) The mare powetful agencies of heat upon bodies, 
are often connected with changes in their ferns of ag- 
gregation. Solids by a certain increase of heat are con- 
verted into fluids, and fluids into erases. Also by a 
subtraction of heat, gases become iiuids^ and fluids 
solids. 

(5) It was formerly supposed that the absolute weights 
of bodies were diminished by hea^ but some delicate 
experiments lately made have proved that this opinion 

is ciToneous. 

(()) Heat is possessed of most extensive powers in 
producing cliemical combinations, and decoui positions. 
For as it expands different bodies in diflerent ratios^ so 
it likewise diminishes in different ratioB the attractions 
of their parddes fer each other. See Part I. Div. L 
andVL , 

3. Of Madiani ffeat 

(1) Heat, when existing in the radiant states moves 

b2 
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through space with a velocity almost inconceiyable. 
Like light, it is capable of being reflected, and refracted. 
And its rajB, as would appear from the valuable dis- 
coveries of Dr. Herschel, are of difierent degrees of re^ 
frangibility, being for the most part less xe&angible than 
those of light. 

(2) When radiant heat falls upon the surface of an 
opaque body, it is never wholly reflected. Portions of 
it are absorbed by the body, which become common 
heat of temperature or free odoric. The powers of ab- 
sorbing radiant heat, appear to be different in difierent 
bodies, and they arc, in some measure, connected with 
their peculiar < ulours. 

(3) The radiant heat emitted from the sun is uni- 
formly combined, or mixed with light; but these agents 
are capable of being separated to a certain extent by the 
prism. And, as the experiments of Ftofessor Rctet 
have proved, the radiation of heat from bodies, on the 
surface of the earth, is apparently perfectly independent 
of the presence ot light. 

4. OJ Temperature^ Capacity for Heat, ^'c. 

(1) The temperatures of bodies are said to be high, or 
low, in proportion as they are capable of communicating, 
or receiving heat. 

(2) And their capacUiu for heat, are considered as 
great, or small, in proportion as their temperatures are 
less or more raised by the addition, or diminiahed by 
the subtraction ot" cc^iial quantities of heat. 

(3) Bodies, in changing their states of existence, have 
their capacities uniformly changed. And in this case, 
tfaey absorb or give out that heat, which, in coDsequenoe 
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of its peculiar leladoa to the heat of tempefature^ k 
called ktient heat, or caloric pf combinatioiL 

5. Of the CmmtmieaHm of HeaL 

(1) When many bodies of different temperatoresy and 
in different forms of aggregation^ are brought into con- 
tact, they all, after a certain time, whatever change they 

may have undergone, auquiie a common temperature ; 
thouorh their heat is communicated, or rec( i\ ('d in 
diiiereat manuers^ and with different degrees of 
celeritv- 

(2) 8oMd$ are the only perfect conductors of heat» for 
they are the only substances through which heat is 
commnnicated, from particle to particle, till the 

mass or system of bodies becomes of the same tem- 
perature. 

(3) Fluid and aeiifarm substances, strictly speaking, 
are either perfect or nearly perfect nonconductors of 
heat For» according to the important discoveries of 
Connt Rumford, though their particles are capable of 

receiving heat from otlicr bodies, or of communicating 
it to them, yet, amongst those particles themselves, all 
communicatiuD of heat appears impossible. And masses 
of fluids are heated> or cooled, only in consequence 
of changes in the specific gravities of their particles^ by 
which they are carried in succession to the heating, or 
cooling body. 

6. Cf the Arti/kial J^uetiM qf Hea^^ 

(1) Whenever, during chemical combination, the 
capacities of bodies are diminished, their temperatures 
are uniformly increased; and vice versa, when their 
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c^BcidM aie increased^ their temperstures are dimi*' 
nished. See Part L Div. L Sect 5. 

(2) The chemical changes which are connected with 
the production of the greatest quantities of radiant 
heat, and of heat of temperature are, 1. The absorption 
of oxygen -ns by phosphorus, charcoal, hydrogen, iron, 
&C. 2. The deflagratioii oi combustible bodies by 
means of nitmte, or oxygenated mniiate, of potash. 

3. The combinatkm of the alkalies with the acids. 

4. The combinatiou of sulphur with certain of the 
metals. 

(3) One of the greatest diminutions of temperatuie, 
producible bj chemical change, is that which takes 
place from the action of muriate of lime, or of nitnle 
fji ammoni% or of potash, upon snow. 

(4) Heat is capable of being excited by mechanical 
means. Whenever hard solid bodies mc viL>leiitly 
struck together, their temperatures are unilbrmij 
raised. Likewise an increase of temperature is* pro- 
duced by the Mctiofi of solids ; and that, as it would 
appear fiom the valuable experiroents Count Rom- 
ford, under circumstances, when these substances are 
incapable of undergoing either a chemical change, or a 
change of capacity. 

7. Theories concerning the Nature of Heat 

(1) Two theories concerning the nature of heat have 

been moat prevalent amoagst j)lulosophers. 1. It has 
been supposed to be a pcculiiu* ethereal iinid. 2. It 
has been conjectured to be a property of common 
matter; a specific motion of the particles of bodies. 

(2) The aiguments in &TOttr of the first of these 
theories, have been ehieflj deduced fitNn the (tonomena 



OF HEAT OB CALOBIC. 



of latent heat, of radiant heat, and of change of capacity; 
whilst the last of them has heen supported bj experi- 
ments on the excitation of heat by ftiction« in cases 

in which there existed no perceptible source, from 
which, considered as a substance^ it could possibly be 
derived. 

(3) The late experiments of Dr. Herschel have 
demonstratedy that radiant heat must be ccmstituted by 
the motions of a peculiar substance. And these motions 
may be conceiTcd to be either rectilinear projectious, or 

unduIaLions. 

(4) It has been lately supposed that they are undula- 
tions. And on this theory it has been assumed, 1. 
That an clastic ethereal medium exists in space* 
S. That this medinm is diffused through the pores of 
dtfierent ponderable substances, in different states of 
density. 3. That radiant heat is constituted by parti- 
cular undulations of it, when in a free state. 4. That 
sensible heat is occasioned by particular undulations of 
it, in its states of diffusion through the pores of ponder* 
able substances* 5. That oertaui peculiar idbfatoiy 
motions of the particles of ponderable substances are 
capable of producing the undulations in the ethereal 
medium which constitute heat. 6. And reciprocally 
that thase imdulatorv motions of the ethereal medium 
arc capable of producing peculiar vibrations of the par* 
tides of ponderable substances. 

(5) These propositions are evidently covmteoanced 
by the experiments of Count Rumford and Professor 
Rctet, on the heat produced by friction. They are 
rendered more conclusive by the analogy between 
the laws of the motions of radiant heat, and those of 
sound. And they, in some measurci reconcile the two 
different theories. 
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8. Of the Instruments used in Experiments upon Heat, 

(1) Tliermometen and pyrometers are instrumeiits 
for mearaiiDg the temperatures of bodies. 

(2) l%mMmeiier$ are used for ascerUuning degrees of 
temperature, which are generally not niucli liigher or 
lower than those of the atmosphere. They are formed 
on the principle of the expaosion of bodies by heat ; and 
such substances are emjAoyed in thern^ as expand most 
uniformly by successiye equal increments of heat. The 
common thermometers with mercury and alcohol are 
well known. As thermomcLcrs in all cases act onlv as 
substances giving, or receiving heat, the quantity of 
fluid they contain should in all cases be very small : for, 
in proportion as it is small, so in proportion will the 
thecmometrical expansions or oontracdons more accu- 
rately denote the leal temperature of the body expeii*- 
mented upon. 

(3) Pyromeient arc employed for measuring very high 
temperatures. They arc usually fomied of baked clay, 
a substance which» diflering from almost all other 
bodies, contracts in volume by heat The contractions 
of the pyrometer are comddered as the measure of its 
temperature ; and they are appsrently great, in propor* 
tion as the temperatures to which it is exposed arc 
high. 

(4) The calorimeter is an instrument that has been 
used for the purpose of ascertaining the relative capacity 
of bodies for heat It is founded upon the principle, 
that ice, during its conversion into water, absorbs uni- 
formly the same quantities of heat: and it is composed 
of tin vessel filled with ice, and surrounded l)y ice. In 
this vessel, the substance exi)erimented upon is placed ; 
and its capacity is supposed to be directly as the 
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quantity of ice^ which, when of a given tcmpemture, it 
is capable of conyerting into water. 

9» Agency of Heat in Nature* 

Upon Ae yarioos operations of the radiant heat of 
the san absorbed, or rendered sensible in bodies, aknost 

aU the phaenomena which are the subjects of meteorolo^ 
ffical science depend: evaporuiion, the suluiion of wattr 
in air, and its precipitation from the atmosphere, the 
existence of xiyers^ the fluidity and solidification of 
water, &c 

Bj this agent likewise are most of the new combinsr 
tions, and decompositions, of sabstances produced, by 

which they arc rendered capable ut organization, and of 
becoming parts of living beings. 

From the chemical generation of heat in animal 
bodies, during respiration, and other changes, the oigans 
are preserved in those states of temperature, which are 
necessary to the exertion of the vital functions. 

In short, the agency of heat in nature is almost 
universal ; and it either primarily occasions, or mate- 
rially influences, all the diflerent changes that take 
place upon our globe. 

DIVISION n. 
OF UGHT* 

1. Effects of Light 

Light is known to us as the cause of a numerous class 
of sensations. It is possessed of powerfijl chemical 
agencies. One of its oonunon efl^ts is the expulsion 
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of ozTgen in the stale of gav from bodies with wldcli it 

b loosely combined. Tbus^ it deoempoece die nitrie 

and oxygenated muriatic acids, and blackens tke salts 
containing oxjde of silver. 

2. Laws of Liyht, 

Light mom through speee at the nte of 800^000 
miieB in a second. It is leftccted from oeitmn opaque 

bodies. In passing through transparent bodies it is 
refiiioted : and its rays arc of different degrees of 
refirangibility. Thej are separated when peeurd 
through the prism, into seyen species, red, oraoge, 
yellow^ gieen» falcie» indigo^ violet. The kws of lighl 
in their lefauion to ymank, constitnte the aobjeet of 
optics. 

3. Cfth^arttyiaalJhroducHmafL^hi. 

(1) Light is produced during a nm&ber ci chemical 
epetations. L By the miion of ozjgen gas^ and of 
oxygen in particular states of combination, with cttPtain 

combustible bodies. 2. By the action of the mineral 
.licids on the fixed alkaline substances. 3. By the com- 
bination of sulphur with the metals. 4. By the action 
of sulphuric add upon the moistened oxygenated 
muriates. 

(2) All solids and fluid substances become luminous, 
when heated to a temperatore corresponding to about 
850**. 

(3) Certain bodies, called solar phospliori, after 
having been cx|>osed to light, exhibit a luminous 
appearance in the dark; and this appeamnoe is ren- 
dered more vivid 1^ incxeaas of tfaair tempetatiare. Bj 
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a high degree of heat indeed, it is at leiigth deatroyed } 
but it is ci^abie el* being restored by a seoond ezposttKe 
toligbt 

(4) Light is produced during the coUiflkm of difieret^t 

bodies, but this phsenomcnon is probably in general 
either dependent on combustiou^ or on the excitation 
of electricitj. 

4. Opimans concerning tJte Nature of lAgkL 

(1) Two opiaions have been formed concerning the 
nature of light, in its visible state. 1. It has been sup- 
posed to be produced by the rectilinear rapid motions 
of the minQte particles of a peculiar sabstonce. 2. If 
has been considered as the undulatorj motion of an 
alsstic ethereal medium extended throt^h space. 

(2) The first of these opinions has been for a long 
while most prevalent; and, inckc j, even now, it is 
generally adopted. The last of iliom, however, hm 
been lately supp<»rted by some important arguments 
deduced by Dr. Young, &om the analogy between 
the hiws of known unduktoxy motionsy and those of 

(3) Though the phaBUomena of the reflection and 
refraction of light are very analogous to those of radiant 
heat ; and though these bodies arc upually present at 
the same time» yet the distinctness between thek 
pl^icBl» as well as their chemical powers of action is 
sufficient to induce us to beliere that they are perfectly 
different agents. The heat and light in the solar 
spectrum produce perfectly different effects : for if 
muriate of silver be exposed to the differently rcfrnrtcd 
rays, it is found that the invisible heat-making rays 
ptodncer no effect upon itj its cokwr is altered by the 
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violet nys in about ^ part of the time in which it b 
changed by the red ; and^ what is very curious, it is 
likewise acted upon in the space beyond the violet rays. 
Tills circumstance has been noticed by Messrs. Hitter 
and Bockman, and by Dr. Wollaston. It would appear 
firom it, that invisible rays exist, which, though pos- 
seised of chemical agencies^ and of the highest degree 
of lefiraogibility, ar^ nevertheless, incapable of produciog 
heat 

5. CftheFhotamder. 

The photometer is an instnunent for measuring the 
intensity of light Photometers have been generally 
constructed on the supposition that the intensity of light 
is proportional to its power of heating bodies, or to its 
power of producing chemical changes in tlicm. This 
supposition is, however, contradicted by all the late 
experiments on the solar spectrum: and, in conse- 
qnence^ the ingenious instnimenls, to the invention of 
which it has given rise^ are rendered useless, as to their 
primary |)uq)ose. 

For measuring the relative intensities of the light 
emitted bv two different bodio^; in comtiusi ion, a very 
simple and useful photometer has been invented by 
Count Rumford ; and it is founded upon the principle, 
that the power of a burning body to illumine any defined 
space, is directly as the intensity of the light, and 
inversely as the squares of the distance. 

6. Agenae$ of Llrjht in Nature, 

(1) The action of solar light upon living vegetables, 
» in most cases connected with the production ci 
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oxygen gas; a ciicuniBtanoe, probably indmatelj re- 
lated to the uniformity of die constitation of oar 

atmosplicic ; trom which oxygen is constantly absorbed, 
by the respiration of aaimals> combustion, and otlier 
causes. 

(2) Light is po oDCOoo d o£ a decided influence in 
modifying many natural phienomena. The cfyatallizi^ 
tion of salts is materially affected hy its agency. It is 

capable of altering most of the colours of bodies. And 
it is pcq>ctually producing numerous decompositions, 
and new combimations upon every part ot the suriace of 
the globe. 

(3) Light is possessed of great powers of action upon 
oiganised beinga^ The colours of the leaves of Tege« 
tables, and of dieir flowers^ are almost wholly dependent 

upon it : and vegetables are incapable of existing for 
any great length of time^ when deprived of its benign 
influence. 



DIVISION III. 
OF THE ELECTRIC INFLUENCE. 

1. Effects of Electricity* 

(1) £lectricity in its different states of accumulation 
prodoces different effect& In general, its presence is 
denoted in substancesy by their powets of attracting^ or 
repelling, under different circumstances, light bodies. 

Electricity often appears in tlie form of light; and, in 
this state, it is capable of if^niting bodies, and of iMllaiu- 
ing such of them as are combustible. It occasions 
Tivid sensations, called electrical shocks in passing 
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throngh living bodies. It is sensible to the organs 
of taste and smell. 

(2) Ekctricitj is possessed of vcrj pOfwerM chemical 
i^ndcflL II » etBpMe of pmfaicing a nnmber of com^ 
binMioiifl^ and of decompoaitioiw; and some of ila 
efieets are analogoua to thoee prodneed by very intense 
de^fees of beat* 

(3) Nitric acid is formed fioin oxygen gas and nitro- 
gen gas, by means oi electricity. Water is conTerted 
by it iato oxygen and hydrogen. And ammonia ia 
decomposed into nittogen and hydrogeiL 

2. Of the Conductors and Nonconductors of Electricity, 
and of their different ^ates with regard to Ekctridty* 

Amongst the conductors of electricity are the metals» 
charcoal, the fluid acids, water, and moist animal and 
regetable substances. Amongst the nonconductors aie 
glass, resin, wax, sulphur, phosphorus, oils, dry gases, 
and all the solid compounds containing earths only, or 
alkalnie substances. 

Bodies when actively electiified, are either in the 
positive, or the negative state. When in the positive 
state, they are supposed, in the common theory, to 
contaui more than tiieir natural quantity of electrical 
influence, and when in the negatire state less. 

The processes by which the equilibrium of electricity 
in bodies is destroyed and restored, the effects con- 
nected with tiiesc processes, and their relations to the 
general properties of matter, are capable of being 
explained upon mathematical principleB, and tfaej 
are considered as constituting the genand sdenee of 
electricity. 
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3. Of Hie Excitation qf Electricity, 

(1) One of the most simple modes of exciting elee* 
tridtjy is bj the finedon of two nonoondacton^ or of A 
Boncoodiictor and a eondnctor. 

(2) When a glass cylinder, or a drcular plate of glass, 
mounted upon a nonconducting stand, is made to revolve 
upon its axis, so as to nib against cnsliion> of leather 
covered with an amalgam of mercury and zinc^ the elec- 
trical eqailibriuin is destroyed. The ciishi<mB» and the 
oondnetors in contact with them, become negatively 
eleetrified ; and a condnctor placed near any part of the 
glass, whkh is not in contact with the cushion, becomes 
positively electrified. 

(3) When globes, or cakes of resin, are used in the 
same manner, electricity is likewise excited ; but in this 
case, the cushions and their conductors become pon* 
ttTely, and the other condoctots or the prime conductots 
negatively, electrified. 

(4 ) Electricity is excited in certain nonconducting 
bodies, merely by chanires in their states of temperature. 
The topaz of Brazil, and the tourmaline, become elec- 
trical whencTer they are gently heated; and sulphur 
snd sealing wax when cookd after harii^ been mdted, 
are found strongly electrified. 

(5) Indeed, whenerer bodies change their forms of 
aggregation, whether from the agency of heat, or other 
causes, there is ever^' reason to ]>elieve, that their states, 
with regard to electricity, are changed. Water, during 
its conversion into vapour, appears to absorb much elee- 
trid^ firom the bodies in contact with it» so that they 
become negatively electrified* And during the con- 
densation of aqueous vapour, electricity is evolved. 

(6) Electricity is capable of being excited by the 
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action of different conducting substances on each other; 

but the modes of this excitation, and its general con- 
nection with cliemical changes, constitute a science 
which has been ixithcrto distinguished from common 
electricity, by the name oigdwmitm^ and which will be 
immediately considered. 

4, Theories eoncendng Electricity. 

Electricity has been supposed to depend upon tlic 
agencies of two particular substances, which have been 
called^ from the modes of their excitadon, vitreoosy and 
resinous electricity. It has likewise been supposed to 
owe its existence to the agencies of one specific body. 
The last of these theories has been lately generally 
adopted by the greater number of philosophers. It has 
been elucidated by the investigations of Dr. Franklin, 
Mr. iEpinus, and Mr. Cavendish : and it is adequate 
to the solution of all the phsenomena. 

In this theoty, the different electrical appearsooes aie 
accounted for from the following suppositions. 

1. The particles of the electrical fluid repel each 
other with a force diminishing as their distances 
increase. 2. They attract particles in all other bodies, 
with forces increasing as the distances decrease; and 
the attraction is mutual 3, They more through the 
pores of conductors with perfect ease, and with great 
velocity ; but they either move with great difficulty, or 
they are altogether incapable of mo vine; tbrougli the 
pores of noricouductors. 4. They aie capable of being 
transferred from the pores of one body to those of other 
bodies ; so as to exist in states of accumulatioD, and of 
deficiency. 
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6, Of EleetHcdl InstmmenU, 

(1) The Leyden phial is a glass vessel, partially coated 
OH its internal and external surfaces with tinfoil, or other 
eonductiiig sabetances. It is charged bj electrifying 
one of its surfaces positively, at the same time that the 
other surface is connected with the ground, by which it 
is enabled to become iiLu:ativclv electrified. It is dis- 
charged by connecting, by means of a conductor, its 
positively and negatively eicctrilied sur^u^es ; when the 
equilibrium is restored. 

(2) The electrophoros is composed of a nonconduct- 
ing plate, which is generally of resin, attached to the 
upper surface of a conductor, and of a conducting plate 
having a nonconducting handle. After the noncon- 
ducting plate has been once excited, its under surface 
being connected with the ground; the conducting 
plate, as often as it is laid upon it and brought in 
contact for a moment with another conductor, will so 
often be capable of fiimishing a spark, aft^r having 
been rcmo\'e(l Iruiii it, by tlie nonconducting handle. 

(3) ]>cniict's electrometer is composed of two gold 
leaves, attached to a conducting plate, and enclosed in 
a tube of glass. It is used for ascertaining the presence 
of small quantities of electricity in bodies ; which are 
denoted by the separation of the leaves. 

(4) The condenser, the doubler, and the multiplier, 
are instruments generally emph)yed for the purpose of 
rendering sensible, by means oi tUc electrometer, quan- 
tities of electricity immediately imperceptible. 

6. Affeney of £iectricitt/ in Nature, 
Electricity appears to act an important part in most 
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of die natural operadons that take place upon the snr- 
fecc of our globe, an 1 in the atmosphere. Lightning, 
thunder, the aurora borealis, and many other phaeno- 
meua of meteorology^ are caused immediately by this 
powerful agent 

By the extenave action of eledxicily 
in Hving and dead matter are perpetually produced. It 
occagions, or accelerates, ia many instances, the pbae- 
nouiena of fermentation, of putrefacLion, and of the 
general decomposition of organized compounds. 

DIVISION IV. 

* 

OF GALVAmnL 

\, Of the Nature of Oalvamsm, 

Galvanism relates to the peculiar chemical and elec- 
trical phssnomenay which are occasioned by the contact 

of different conductors of electricity. 

This science, though yet in its infancy, is composed 
of a number of important facts. Its relations are very 
extensive, and it furnishes powerful and novel instiu* 
ments of chemical and physiological investigation. 

2. Of the Congtruciian of the least complicated Galvanic 
ArrangemenU, t . e» Simple Cireks, 

(1) The conductors of clecuicity, which by their 
mutual agencies are capable of prodacmg galvanie 
appearances may be divided into two classes. 1. 
Perfect conductors^ which are either metals or charcoal 
2. Imperfect conductors, which are either osydated 
fluids^ or substances containiug such fluids. 
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(2) For the oompodtioii of a simple gplvanic ciide^ 
at least two conductors of one class, and one of another 

class arc required. And they must be so disposed that 
the conductors oi the one class may ])c in contacl with 
each other in one or more points, at the same time that 
they are connected in other distinct points with the 
condoctor of the other class. Thus, if plates of anc 
and gold he made to touch each other in one point, and 
be connected together in other points, by a portion of 
common water, or diluted muriatic acid, a simple 
galvanic circle is ibrmed. A simple galvanic circle is 
likewise formed when separate portions of water, and 
solution of hjdrogenated sulphoret of potash are con* 
naeted together in one pointy and brought in contact in 
other points with a piece of silver. 

(3) Every arrangement, however, of two conductors 
of one class with one of the other, is not an acting 
galvanic circle. For the production of galvanic eifects, 
it is necessary, that the fluid part or parts of the circle 
should be capable of acting chemically up<Ki the solid 
part or parts of the drcle. The most powerful circles 
are those in which two different chemical actions are 
exerted in different part8 of the arrangement; and in 
every acting circle there is at least one }ioint, in which 
ozydation> or some other chemical change is taking 
place. 

The following tables, in which some different simple 
circles are arranged in the older of their powers, will 

show how intimately primary chemical changes are 
connected with the production of galvanism. 
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TABLB OF SOME GALVANIC CIRCLES, 

00VP0SB9 OF TWO PBBFBCT COITDUCTOKS AVD OVB 
IMFBRPBCT COKDUCTOB. 
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Lead . . 

Copper . 


o 






Silver. . 





With gold, cliarcoal, 
silver, copper, tin, 
iron, mercury. 
— p'ld, charcoal, 
silver, copper, tin. 

gold, flJlrer, 

gold, illver. 

gold, silver. 

gold. 



*3 

bo 
a 



H 

o 



Solutions of nitric 
acid in water, of 
muriatic acid and 
<x sulphuric acid, 6cc. 
M ater holding in 
solation oxy gen , at> 
Lmospheric air, ice. 
'Solution of nitrate 
J of silver and mer- 
1 owy. Nltrie acid, 
^acetous acid. 
Nitric acid. 



TABLB OF SOME QALTANIC CIRCLES, 

COKVOSBD OF TWO IICPBBFECT CONOUCTOB8 AKD 0KB 
PBRFBCT C05DUCT0B. 
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Ciiarcoal. 


km 


Copper . 


o 

u 


Silver.. 


5 


Lead . . 




Tin . . . 


feet 


IfOll* 




Zinc . 


I2I1 



Solutions of hydroge> 
nnted alkaline i-ul- 
phureta capable o( 
acting on the first 
three metals, but 
not on tlie last three . 



E 
o 

c 

o 



'X 

S 



Solutions of nitrous 
acid, oxygenated 
muriatic acid, ice. 
capable of acting 
on all tha aietals. 



3. Of the Agencies of Sinyle Galvanic Circles, 

The galvanic influence is manifested in single ciieies» 
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either by its power of acting upon living animal oKgana, 

or by its chemical agencies. 

(1) When the tonjrue is made part of a simple gal- 
vanic circle^ an acid taste is perceived, and when tlie 
eye is connected with il^ a Hash of light is produced* 

(2) When the galvanic agency ia made to act on a 
mosclej and the nerve attached to it, which have just 
been separated from the body of a living animal, mus- 
cular contractions are iiulibiiiiK produced. 

C3) In all the siii*ile galvanic circles, the primar}^ che- 
mical actions are increased, and to a certain extent 
modified. Thus, when zinc, which oxydates slowly 
when exposed to the atmosphere in contact with water, 
is made to form a galvanic circle with that fluid and 
silver, it oxydates rapidly ; and an alkali appears to be 
iorined in the water at its points of eoiilaei with the 
silver. Likewise, when iron and silver form a circle 
with diluted muriatic acid, the action of the acid upon 
the iron is increased; and hydrogen gas is not only 
evolved from the water in contact with the iron, but 
likewise from that in contact with the silver* 

4. Of Compound Gahnmie Circles or Ckdvamc Battme$^ 

(1) Galvanic batteries are composed by series of the 
substances which form simple circles; and these sub- 
stances are arranged in such a manner, that the con* 

ductors of the same class in every series are in contact 
with eacli other in one point or more, at the same time 
tliat they are respectively connected with different con- 
ductors of the other class, so that a regular alternation 
is observed ; the order beings conductor of the one class, 
conductor of the one class, conductor of the other classy 
and so on. Thus> if plates of nne and of silver, and 
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piacet of elotfa of the nze of the platei^ moistened m 
water^ be arranged in the order of cine, silver, doth; 

ziuc, silver, cloth, and so on, till twenty scries are con- 
nected together, the cralvanic battery of Volta will be 
tormed. Likewise a galvanic battery will be formed if 
pieces of tin« iron^ or charcoal, be introduced into 
glflttee filled eome with water, and some with nitric add^ 
and connected in pairs bj siphons, in the order of 
metal or charcoal, acid, water ; metal or charcoal, acid, 
water, and f?o on, till twenty series are constnicted. 

(2) The substances most active in tlic simple circles 
are likewise most active in the compound circles. And 
in all cases, the relative quantities of g^vanic power 
exhibited by equal numben of different series are in 
some measure proportional to the intensity of the 
pecnliar primary chcniical agencies, exerted by the 
different conducLors composing them, on each other. 
The tables of the simple circles will indicate, with the 
necessary changes of arrangement, the powers of such 
compound circles as are composed of similar parts. 

d« Of the Agmdes of Galoame Baiteriei, 

(1) The galvanic influence iu its accumulated state 
in compound circles, produces very singular [^ysical 
and chemical effects, and exhibits many of the appear* 
ancesof common electricity. 

(2) It produces shocks, when made to act upon the 
human body, which arc very analogous to those occa- 
sioned by tlie electrical battery. 

(3) It passes through air and certain other Doncon« 
dnctors in the form of sparks; and in this state it is 
capable of burning charcoal, and metallic bodies, when 
they are in contact with the atmosphere; and like* 
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wiae of inflaming mixtures of oxygen gas and iij<irogea 
gas. 

(4) It afiects the electrometer; and is capable of 
oommiinicating weak cliaiges to the condenser^ and 
Leyden phiaL 

(5) In passing through com men water from perfect 
conductors, it effects chemical changes very analogous 
to those taking place in the different primary series, in 
which it was excited ; producing in its positive state, 
oxygen and an add; and in its negative state, hydrogen 
and an f^ll^ft ^» T 

6. Cfeneral OhiervaHms on Gahame CMes. 

(1) Provided those points of contact, in both the 
simple and compound galvanic circles, in which the 
chendcal agencies of the di£Perent conductors on each 
other are more pardcularly exerted, remain permanent, 

the parts of the series, which do lioL iniincdiately act 
chemically on each other, may be connected together 
by means of conductors of their own class, without any 
other change in the agencies of the circle than a duni- 
nution of their intensity* This diminution, with regard 
to perfect conductors, is barely perceptible ; though in 
the case of imperfect condnctors it is evidently, in some 
measure, corres])ondent to the increase of the lengtli, or 
what is apparently equivalent, the diminution of the 
surface of the chain that they compose. 

(2) The agency of the galvanic influence which 
occasions chemical changes in water, and commnni* 
cates shocks to the living body, is probably, in some 
measure, distinct from that agency which produces 
sparks, and the combustion of bodies. The one ap- 
pean^ all other eiicumstanoes being similar, to have 
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little relation to surlacc in compound circles ; but lo be 
great Iq some imknown proportion as the series are 
numerous. The intensity of the other seems to be as 
much connected with the extension of the sui&ces of 
the series^ as with their number. 

(3) A measure of the intensity of that agency in 
galvanic batteries, which j)roducc's chemical changes in 
water^ may be derived from the quantity of gas it is 
capable of evolving in a given time ; or from the length 
of the fluid chain through wliich it can be transmitted. 
The comparative forces of different batteries may be 
determined by connecting them in an order different 
from that of the regular alternation, so as to produce a 
certain annihilation of power; for in all instances when 
the most oxydable part of one series is connected^ by 
means of a fluid, A^ith the ai^dc^ous part of another 
equal series^ the galvanic powers of both are destroyed* 

7. Theories concemiftg Galvanism, 

(1) The obscurity of the galvanic facts which were 
first noticed^ and their apparent insulation, gave rise at 
an early period of the science^ to many different theories 
concerning galvanism. It was supposed^ 1. Ttat it was 
a peculiar ethereal fluid. 2. That it depended upon 
hydrogen, disengaged during the decomposition of 
water by metals. 3. That it was the clectricaL fluid 
ejusting in a peculiar state. 

(2) bince the discovery of the agencies of the aocu* 
mulated galvanic influence, the last of these suppositions 
has been adopted by the greater number of those philo- 
sophers who have studied the subject with accuracy. 
Galvanism is now generally believed to be electricity; 
and the chief difference that prevails in theoxy> is with 
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lespect to the manner in which this electrid^ is 
excited 

(3) M. Volta has supposed, that an electrical cunent 
is always produced by the mere contact of certain dif- 
ferent conductors of electricity. But many of the 
British philosophers have denied this position; account- 
ing for galvanism from the destruction of the equilibrium 
of eiectridtj in galvanic cirdesj m consequence of the 
diemical agendea of the different hodiea compoaing 
them. 

8. Of the Appearance of Gahanum in Animal Organs, 

(1) The well known Acta lehiting to the toipedo^ 
electrical eel^ &c prove that galvanic electricity ia 
capable of bein^ excited by the agencies of living organs. 
These facts, coiiij)ared with the phaenomena of the pro- 
duction of muscular contractions by galvanism, lead to 
interesting inquiries concerning the relation of this 
influence to living action* The general connection of 
electricity with physiology and with chemiatiy^ which ia 
at present involved in obscurity, is probably capable of 
experimental elucidation; and the knowledge of it 
would evidently lead to novel views of the pluiosophy 
of the imponderable substances. 
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PAilT UL 
THE CHEMISTRY OF THE ARTS. 

OF AQBICULTURB. 

I, 0/ the Growth of Vegetahks^ 

(1) Vegetables derive their component principles, 
which have been described in Fart L Div. V* and which 
avei fi)r the most part^ hydrogen, carbon, oxygen^ and 
nitrogen, either firom the atmosphere by which they 
are surrounded, or from the soil in which they grow. 

(2) They are capable of being produced from seeds; 
and the process of vegetation appears to depend upon 
the perpetual assimilation of varioos substances to the 
oigans of the plants in conseqnence of the exeitioQ of 
theur living powen^ and of theur chemical affinities* 

(I) The atmosphere is chiefly composed of about 78 
parts of nitrogen gais, 21 parts of oxygen gasi, and 1 part 
of carbonic acid gas. But these aenfinm fluids alvraja 
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hold in solution a considerable quantity of water ; and 
at the surface of the earth, many yaponra, and different 
fl^d and fluid bodie6» ai« peipetuallj BOBpeoded in 

(2) Fknfs we incapable cf yegetating when deprived 
of air. The changes they effect in the atmosphere are 
intimately connected with the ap^encies of liorht : for, 
though they evolve oxygen gas hom their leaves, when 
el^poaed to the direct rays of the snn; yet, in the 
ahade^ md in darlmftHB, they seem to abeorb this princi- 
ple ; end at the same time to give out carixmic acid. 

(3) The regetation of plants is nrach assisted by pu- 
trid vapours floating in the atmosphere. Air saturated 
with moisture is much more favoiurable to the process 
than dry air. Portions oi the carbonic acid in the at- 
mosphm, are perpetaally abaoibed in the li^ti by 
the flmda in the TeaBels of plants; and fiom tl^ sub-* 
stance is probably derived much of the oartxxi they 
contain. 

(4) Oxygen gas, or oxygen in a state of loose com- 
bination, is absolutely essential to the germination of 
seeds. By means of it« the mucilage they contain, is 
pmbably oonyerted into sugar; which appears to be 
^ first food of the plant Oxygenated muriatic add 
is a substance very active in prodncing the evolutioii of 
germs. 

• 

3; OfSinU. 

(1) Alnmine, silez, and carbonate of lime» miiq^ 
or oombined in diflerent qilnntitiesy and in difilmnt 
states of cohesion, constitute the gfeater portion of 

soik. These substances appear, however, to conti iljute 
very little immediately to the nourishment of plants; 

T 2 
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but, from the peculiar form of their mixture, they en- 
able them to grow, so as to be exposed in the best pos- 
sible nuuiner to the influence of the atmosphere ; and, 
at the same time^ thej supply them in a proper manner 
widi water and other fluid substances, which are per- 
petually deposited or foniicd on the i=uii'iice of tlie 
eaitli, aud which are essential to their existence. 

(2) Almost all soils contain certain portions of de-. 
compodng vegetable matter, which* when acted upon 
by water^ and the oi^gen of the atmosphere, produce 
compounds, capable of being absorbed by the organs of 
plants, so as to form part of their nourishment Like- 
wise, soils in general contain t)xydc of iron, and various 
neutral salts : and these compounds, under certain cir- 
cumstances, appear to accelerate vegetation; either by 
their agency on the living powers of plants, or by pro- 
ducing aucJi changes in other substances, as enable 
them to become the food of plants. 

(3 ) As diftereut vegetables are uonti.->hcdby different 
food, and as they require to be supplied with focxi in 
various manners, so they vegetate to the greatest ad- 
vantage in difierent soils. 

The nature of the soils, however, which different 
vegetsbles demand, must, in some measure depend 
upon the state of the surrounding atmosphere. 

In countries where the air is dry, and where very 
little rain falls, the soil should be extremely retentive of 
moisture ; and in this case, it should contain a very con- 
siderable proportion of aluminous earth. 
' Sandy, and silictous soils are ^e least tenacious and 
retentive of water; and of course they are extremelj 
pernicious to vegetation in dry climates. 

(4) The constituent ])i iiiciples of soils may be eixsily 
discovered by chemical analysis; and their relative 
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powers of absorbiog and retaining moisture by Tn^Hynp 
of the hygrometer* 

4* Of the Action of Water on V^fetabke, 

(V) Water is absolutely essential to the lite of vege- 
tables. It is absorbed by them in great quantities from 
the atmosphere, and firom the soil in which they' grow. 
It almost wholly composes the sap contained in their 
vessel^ and contributes matexially to their nourish- 
ment 

(2) There is every reason to believe that the hydro- 
gen, which in different compounds forms so consider- 
able a portion of the oiganized matter of plants, is ob- 
tained in a great measure^ from the decomposition of 
water; and the oxygen^ which they evohre when ex- 
posed to the solar light, is probably derived from the 
same source. 

(3) The water absorbed by planus, not only holds in 
solution certain portions of carbonic acid» and of atmo- 
spheric air, bat likewise often mudUige^ geladne, and 
other sabstances, the products of spontaneous veget- 
able and animal decomposition, wluch are in a state 
eminently adapted to become parts of living veget- 
ables. 

5. Of t/ie Lijlumce of Heat and LiglU on Vegetables, 

(1) A certain degree of heat is absolutely essential to 

the preservation of the life of plants. At temperatures 
much iiriow the freezing point, the living action of 
their vesseis is deslroyedj and the fluids that they con- 
tain are frozen. 

(2) The greater number of plants grow and evolv* 
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new organs only during the spring and suiimier months. 
After they have produced seeds, their excitability is ex- 
hausted by the beats of autmnn: and daring l^e cold 
of winter thoee deoompositionsy and new combinatioosy 
wbich are connected with i3b.e process of vegetatioii» 
cease aitogctlier. 

(3) Plants when deprived of light feoun become pale 
coloured and uphe^f.hy» the fluids sccumuiate in their 
▼aaaela in mace than tbeu: just proportiona, and they 
an vandeied inc^Mble of pzoducing aeeda. 

(4) There is every reason to believe, that the pteaence 
of light is connected with the decomposition of water 
and of carbonic acitl by plants; and so for, it may con- 
tribute to the formation of their solid parts. The pro- 
duction of resint gum, and tannin* in the epidermis and 
cortical layers of plantar ^>peai9 to be matenaUy 
flnenoad by thii agent 

6. Of Manuret, 

(1) Manures are subst^ces used for accelerating the 
process of Tagetation; and they ave either nun§^ widi 
the 80tl» or atrewed over it, 

(2) The moat naefiil manuiea are those whidi bam^ 

diately supply nourishment to the plant Amongst 
them, are vegetable, and auiuial matters, that have 
undergone putrefaction ; dung of different kinds ; and 
various substances given out as excrementitious by ani* 
niah^ which contain eaibon» hydrogen^ and o^gen* in 
such eooibinationa as readily enable them* under ceitain 
oircomstaneee, to be absorbed by plant% and to he 

conii)hu d with tlu ir organs. 

(3) The manures of ^econ<l;l^y nsc arc such, as with- 
out supplying immediate nourishment to piauts» hasten 
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Ihnr growdi; eitliMr hj reBdcriag dinr 
mate nut rtt l ne in conaequeno of tbeir chemie^af^eiicBBt 

npoii k: or by stimulating die vegetable organs, so as 
to enable them to act with greater eneigy upoa this 
£90cL 

Various preparatioDS of lime, gypsum, and di£^m 
neatraL salts, areconndered for the most part^ as manures 
of seoondaij impot(B&ee: and in oonsequence, tfaeoe 
substances are employed with advantage in such soils as 

coalaiu much slowly decomposing vegetable matter. 



7. Of^<hiUw€imofZands. 

(1) To understand die mode of procuring from a gi^n 
quantity of land, tlie greatest possible proportion of sndi 
vegetables as are necessary for human food, the Ibod of 

animals, or for other puqx)ses connected with human 
wants, is the great desidoratum in agriculture. 

To obtain this desideratum, it is necessary to study 
with aecuracy the nature of the different soils whicii 
are die subjects of agricnltursl operadons; to discover 
by experiments what vegetable substances thqr are best 
calculated to support ; and to determine how far their 
nature may be modified, by successions of crops of 
diiierent vegetables, or improved, by fallowing, liming, 
at other nnnlogous processes, 

(2) The knowle«ige of the proper mode of cnldvadng 
die earth, is connected with ahnost aU die physicai 
sciences ; and die phenomena of vegetation, constitute 
a great part of what is known concerning the philosophy 
of living nature. Acrrioiilturc, as it has hoen hitlicito 
practised, is an art very little assisted by theory, irrom 
the modem discoveries in chemistry, there is every 
reason to believe, diat it is eminendj susceptible of 
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improvement; and we may venture to hope, that in- 
quiries concerning it will become generally interests 
ing, aa thej ate intimateij rdated to the veil being of 
aooie^. 



DIVISION II. 
OF TANNING. 

h Of the Nature of Tatming* 

(1) Tanning is that art by winch the skins of animals 

are impregnated with tannin or the laiming principle, 
in such a manner as to be rendered tenacious durable, 
and impermeable to water. 

(2) The processes by which skins axe tanned^ axe 
extremely various in different countries, and even in 
different provinces of the same country. When, how- 
ever, the theory of the art is examined, ihey may be 
easily generalised, and considered under t^vo heads. 

1. The depiiation and preparation of skin for taniung. 

2. The impregnation of prepared skin with the tanning 
principle. 

(1) DEPrLATioN and preparation of skin. The 
depiiation of skins is usually effected; either by an 
incipient putrefaction, or by the action of lime water on 
the epidermis. Afier depiiation, they are prepared for 
combination with tannin, in one case by the action of a 
very diluted solution of sulphuric acid upon them ; and 
in the other by the agency of certain weak alkaline 
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fixivifl, fenned by the action of water upon oertain 
auiiiial ezciementa. 

(2) Imprbgitatiom of SKnr with TAmm. The eola- 
tions emplttved for impregnating skins with tannin, are 
made by the inlusiou of various barks, m\d other sub- 
stances in water. They are used of ditierent degrees 
of strength ; and in common operations, the skins are 
first exposed to the action of weak solutions^ and are 
aiierwards introduced into stronger ones. The dme 
requu«d for tanning different skins is Tery diflbrent, 
and depends in a i2:rcat measure upon the quantities of 
tannin dissolved in the solutions employed. 

3. Of the Comj/osUioji and Texture of S/atL 

(1) The skin, as taken from the animal by mechanical 
means, is evidently compovSed of three distinct mem- 
branes. 1. The cuticle or epidermis. 2. The mucous 
membrane. 3. The cutis or true skin, 

(2) The epidermis is a memhrane possessed of very 
litde oiganization. It is formed by the union of a nnm* 
ber of small semitransparent plates. It is composed 
chiefly of albumen combined with a little gelatine, and 
phosphate of lime. It is veiy little acted upon by water, 
but is extremely soluble in fixed alkaline solutions. 
See Part I. Div. IV. Sect 4. 

(3) The tnuctnu membrane, which is situated imme- 
diately under the epidermis, upon the true skin, is com- 
posed chiefly of nervous papillae, and of a soft gelatinous 
substance, w hich is suj^poscd to contain the matter that 
gives to the skui its ]>ccnlinr colour. 

(4) The aitis or true skin, which forms by Ikr the 
greatest and most important part of the skin^ is a thick, 
firm, elastic substance, constituted by a number of fibres 
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interwoven with each other and interacted by small 
blood YeaselB and nerres. It is compoaed of gdatiiie 
oomluiied with a miall portion of fibcino» albomen, and 

phosphate of lime. It is acted upon by boiling water, 

and its gelatine is dissolved. The aqueous solution of 
this grelatine hj evaporation forms glue« See Part h 

4. Of Barkt and otiier Substances employed for formxng 

Tamunff Lmma^ 

(1) In Britain, the oak bark is trenorally used for pro- 
ducing the taoning lixivium. It is stripped trom the 
trees in spring, and is rendered dry by exposure to 
light and air. The tanning lixivium is formed by in* 
trodtifiing it in small fragments, or in ooane powder 
into cold vnibeat, when its soluble parts are slowly 
dissolved. 

(2) The barks of the willow, the hazel, the chesnut, 
the ash, the poplar, and of many other trees, are equally 
proper with that of the oak^ for forming f^ff^fftg liziTia; 
but in general thqy contain a smaller quantity of the 
tanning principle. Li all barics, the epidermis contains 
the least proportion of tannin. And even in the corti- 
cal layers this substance is most abundant, in proportion 
as they arc nearer to the woody fibre. 

(3) Besides tannin, the aqueoos ini^ions of barks 
generally contain gallic acid, mucilage^ and ooloaiing 
mattesB. And the different proportions of these sub- 
stances may be known from a chemical analysis. The 
quantity of tannin in any infusion may be discovered 
by means of solution of glue, with the gelatine of which 
it forms an insoluble precipitate : and after the separa*' 
tion of the tannin, the presence of the gallic acid ia 
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denoted, by its striking agency' upon solution of red 
sulphate of iron. 

(4) Many substances have been used in tanning, 
which contain a much iaiger proportion of tanning priiH 
ctpie than any of the common barka. Among^ them 
are aomach, Aleppo galls^ and common galla 

5. Of Mtf Theory of Tasamg. 

(1) The depilation of skins by lime water, appears to 
be simply owing to the action of the lime upon the 
albumen of the epidexmis^ by which^ its texture is de* 
stroyed in such a manner, that the hairs can easily be 

separated from the mucous membrane and the skin. 

(2) The chief use of the preparatory we ak alkaline 
lixivium is probably to &ee the skin from iat, oil> and 
other matters insoluble in water, and incapable of com* 
bining with tannin ; and these purposes are effected by 
means of its fiee alkali, which forms with such matters 
in general soluble soaps. 

(3) The prepared skin is tanned in tlie infusions of 
bark, probably, in consequence of the combination of 
its gelatine i^id albumen in their oiganiied form with 
the tanning principle, in such a manner, and so slowly, 
that the primittTe shape and fibrous texture of the skin 
are preserved, at the same time that it becomes insoluble 
in water, and gains a different appearance and new- 
strength. Whether the gallic acid, and colouring matter 
of bark, are of any use in tannmg, has not been yet 
aeoertained. The gallic acid, by its action upon water, 
increases the solubility of tannin; but it is not appa- 
rently altered during die conversion of skin into leather. 
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6. Of la^prmammU whkh may probabfy be made m ^ 

Jh'oeeaei rf Tanmtiff, 

(1) The lixiyia of baric employed in this country axe 
in general extremely weak^ and in consequence die 
operation of tanning is per&rmed only in a great length 
of time. Mach expense and labour may probably be 

saved by the iise of strungcr lixivia, according to the 
method adopted in France by ^I. Seguin. These lixivia, 
however, as in the common practice, should contain 
different quantities of tannin ; and that in which the 
skin is last immersed* for the completion of the process, 
should be uniformly the strongest. 

(2) The tanning principle may be easily obtained in 
a solid form, and neailj in a pure state, by evaporation 
of the strongest infusions of barks : and in such a form 
it might be easily made an article of commerce, so as to 
be imported into Europe firom those newly discovered 
countries in which forests abound, and in which they 
impede so materially the progress of cultivation. 

(3) rioiii some experimLiits lately made, it is pro- 
bable that certain vcfretablos which do not originally 
give out tannin to water, may be made to evolve, or 
produce that principle in its soluble state, by particular 
chemical operationa This discoveiy, if it be confirmed 
by new &ctB> will admit of very important and extensive 
applications. 
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DIVISION III. 
OF BLBACmKG. 

1. Of Ihe Bleaching of Wool, and SilL 

(1) Wool is generally bleached by the action of weak 
ammoniacal solutions^ and of solphuieoas acid. It is 
first immersed in the ammoniacal solution, which com- 
bines with the oil, or grease diffused over its surface. 
It is then washed, and exposed to the agency of sul- 
phureous acid, which is gomctimes employed in the 
liquid, but oftener in the aerifom state. By means of 
this substance the colouring matters combined with it 
are speedily destroyed, or rendered easily soluble in 
water. 

(2) Silk, in its native state, is reudered white by im- 
mersion in a weak solution of soda, and a subsequent 
exposure to the action of sulphureous add dissolved in 
water. The theory of the process Is yery little known, 
but it appears to be the same as that of the process for 
bleaching wooL 

2. Of^ Bleach 'uKj of Unen and Cotton, 

(1) Linen and cotton were formerly bleached by a 
long exposure to the action of light and air; but the 
modem discoveries in chemistry have p^iven rise to new 

methods, which are now ahiiost uuiversally adopted. 

(2) Oxygenated muriatic acid destroys the greater 
number of vegetable colours. It was first applied to the 
process of bleaching, by M. BerthoUet, and is now in 
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commoii use. It is prepared in maniifectorifis by the 
actton of sulf^uric add upon a miztare of nmriate of 
soda and black oxyde of manganese ; and it is made to 
act upon the substances to be bleached^ in the fonn of a 
weak aqueous solution. 

(3) The oxjgenated muriates of potash^ lime» &c. 
are indeed often preferred to the pure oi^genated 
moriatic add; whidi sometimes alters the textore of 
the doth and diminishes its strength. They are pre- 
pared ])y passing oxygenated muriatic acid into solution 
of caustic potash, or of hme, and they are employed in 
a very diluted state. 

(4) The solution of hydrogenated snlphuret of lime 
has been applied with considerable advantage^ to certain 
of the processes of bleaching^ by Mr. Higgins ; and it 
may be used in common with alkaline solutions for prep 
paring linen for the action of oxygenated substances. 

(5) A method of l)leaching, by means of steam, has 
been lately proposed by M. ChaptaL It consists in the 
application of the vapour disengaged iirom a heated 
&ed alkaline lixiviam to the substances to be acted 
upon; and it is said to be in many respects superior to 
the common process. 

3. Of the Theory of Bkachinff, by OxygmaM MuriaHc 

Acid. 

(1) The colouring matters destroyed in bleaching 
appear to be chiefly oxydes, with bases compounded of 

carbon and hydrogen, insoluble in water ; and it is 
probable that they are converted by the at lion of the 
oxygenated muriatic acid into carbonic acid and water. 

(2) But the theory of the different processes of bleach- 
ing is as yet yery imperfectly known. And the small* 
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mm of die qoantitj of oolonring mAtten^ and their eoih 
oeptibilities of change render it very difficult to make 

them the subjects of accurate experiments. 



DIVISION IT. 
OF ]>Y£INO. 

1. 0/ ^ Naiure of Dyeinff, 

Dyemg ii the art of impregnating ch>thB» stufl, and 
other fubetanoea manufactured from vegetable, and 
animal products, with diffimnt permanent colouring 
matters. 

The processes relating to this art arc purely chemical, 
and they depend, in a great measure^ upon the exertion 
of particuhff affinities by the aubetanoea to be djed, and 
the difierent cdouring matters. 

2. Of the Substances usualhf Dyed. 

(1) The i-ubstaiKcs usually dyed are mticlcs of cloth- 
ing, composed either of wooi» silk, cotton or linen. 

(2) Wool and silk have a much stronger affinity ior 
the cdooring matteis employed in dyeini^ than cotton^ 
or Imen ; their compoution is less simple, and in conse- 
quence the attractions exerted by their elements upon 
the principles of other bodies are stronger and more 
numerous. See Part I. Div. VL 

(3) In cases, when colouring matters cannot be im- 
mediately united with the subatanoe to be dyed, the 
combination ia effected by the operation of a thkd body. 
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in confleqnenoe of intenoedlate affinity. Pari L Dir. 

VL Sect 1. 

The agents employed for fixinir colours in cloths, 
stuSbi, are usually called mordants or based. 

3. Of MardanU or Bases* 

(1) The most important mordants in common use are 

alumine, oxvde of tin, and oxvde of iron. 

(2) xVlumine has a very strong attraction for wool 
and silk, but a much weaker attractioii for linen and 
cotton; it is eai[doyed in two states, either combined 
with sulphuric add, or with acetous acid» which for this 
purpose, and for analogous purposes, is obtained in 
an easy manner from llic decomposition of acctite of 
lead. 

(.3) The oxjde of tin at its maximum of oxydadon, is 
applied to cloths^ &c. in three forms of combination. 
1. As nitromuriate of tin. 2. As acetite of tin; and 
3. As tartrite of tin. These compounds are very 
powerful mordants, and act both on animal and y^t- 
able substances. 

(4) T\\ o })rcparations of iron arc employed as mor- 
dants, the red acetite and the red sulphate. 

(5) Substances are occasionallj used to facilitate the 
action of the common mordants, or to alter the shade of 
colour, such are tan, which itself is a spedes of mordant, 
tartar, acetite and sulphate of copper. 

(6) ^lortlants in general do not act simplvbv render- 
ing the dye permanent, but have always an iuHuenoe 
on the colour produced. And in fact the colour may 
be considered as a simple property of the triple 
compound, containing the dye, the doth and die 
mordant 
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4. OfiSiM Simplest Dyei, or SimpU Cohun, 

(1) Tiie colours denominated simple by djers are 
four, blue, red, yellow, and black. 

(2) Indigo is the only colouring matter used for dye* 
ing hbte. It is procured from different plants^ such as 
the indigoferia tinctoria, and the isatis tinctoria. It 
combines with all the substances usually dyed, without 
the intervention of a mordant; and it is generally 
applied to them either dissolved in its common state 
in sulphuric add; or combined in its deoxygenated 
state with lime water* In cases when cloths^ &c. aans 
dyed with deoxygenated indigo, they are at first green* 
hut soon become blue by exposure to the atmosphere* 

(3) The substances usually employed for dyeing red, 
arc cochineal, archil, madder, brazil wood, and car- 
thamus. And these colouring matters for the most part 
<iBn only be pennanently combined with cloths^ &c 
duongh the intervention of mordants. The colouring 
matters of cochineal, archil, madder, and brazil wood, 
are soluble in water ; and in processes of dyeing they 
are usually prccijMtatcd froia their solutions upon cloths, 
by means of nitromuriate of tin, or sulphate of aiumine* 
The red colouring matter of carthamus is not combin- 
able with water, but it is speedily dissolved in solution 
of carbonate of potash ; and in diis fbrm it is generally 
applied to the substance to be dyed. The tint it com* 
municates is considerably heitjhtened by acids. 

(3) The yellow dyes in common use are procured from 
weld, fustic, and quercitron bark, by the iohision oi 
these substances in warm water, and they are generally 
eomhined with cloths, &c. by means of alumine. The 
red ozyde of iron has been lately proposed as a yollow 
dye by M. ChaptaL 
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(4) Hie' taimogallate of iron is aUnost the only 
known black dye. It is combined widi cloths, &c. at 

the moment of its forraatioii, during the decomposition 
of the red sulphate of iron by decoction of gallnuts. 
Ito eoiour k cooiidexablj liei^tened bj the in&siaa of 
logwood 

(1) The dyes osoftllydencmiinated componiMl oolonRy 

are forined hy the mixture of simple colours. They are 
extremely numcrotis ; and even when of the same class, 
differ in tinge aooovding to the diffeiences in tbdr 

> ^* 

The most important of the compound coloon^ are 
miztnrei of bhie and led^ of 3^d]ow and red, and (tf blue 

and yellow. 

(2) Cloths, by being dyed sucrcssively with indipro? 
and cochineal or logwood, become violet, purple, or 
hlae, according to the intensity of the different 
empbjed. When the bfaie dje preraili^ Tiolet ia peo** 
dnced; and when the fed, purple. 

(3) Various tints of orange are produced by means of 
different Buccessive combinations of cloiiis, with the 
colotiring matters of weld or fustic, and those of madder 
or cochineaL 

(4) Cloths aie djed of different shades of green* bj 
means indigo and qnerdtion baiL Hie eolooxs are 
always applied to the cloth in sncoesBion ; and oi^fde cf 

tin i& generally u^cd as a mordant. 

6. Of CaUco Prmting. 

(1) Catico printing is the art of dyeing cloths with 
different colouring matters, in such a manner as to prcH 
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daeeiqpondiemngalaripotior^iim. EorAbpoy 
pose the mordanto neoeiMiy fi>r the productioii of the 

diflfefent colours are applied to the surface of the cloths, 
&c. either by means ot pcnciis, or ot wooden engravings 
ill relief; and, after dyeing, the colouring matter is 
easily washed out from that part of the doth not acted 
vpon by the mordants. 

(2) The prindpal moidaots employed in ealico pnnt^ 
ing axe acetite of alanune, and rod acetite of iron* 
These substances are combined ibr application with a 
solution of gum or mucilage ; and the cloth, after 
having received them, is washed with an infusion of 
cow-dung. 

(3) The same colouring matter in calico printing is 
often made to produce several different coloars» or 
shades of colour, according as the mordants applied 
differ in their nature or quantity. Thus, madder, with 
acetite of alumiae, produces red, and with acctiic of 
^ron, brown ; and qoercitroin bark» with the same mor» 
danta^ in the same order» giTOs yellow^ and oUYe» 

7. Gmeral OhservaHons* 

(1) Tlie permanency of colours depends in a great 
measure upon the strength of the aflRnity between the 
ek>tb% and the colouring matten^ whether they are 
in fltatea of simple combination^ or of combination by 
mftiaift of mordants. 

(2) Colouring matters in general are compounded of 
many different principles, aiul they are for the most 
part (Iccoinposable by certain uf tho most powerful 
chemical reagents. In their combinations with cloths, 
however, they are seldom exposed to any other agen- 
cies than those of hf^t, of air, and of aUcalinesub* 
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etaaces; and those djes are constdei^ as dunUe which 
withatand the elfecta of washing, and of e^rasuie to the 
Atuioti|Aere. 

(3) The blues and blacks generally used arc very 
durable djcs ; but yellows, reds, and all the brisrhter 
colouiB procured from vegetables, for the most part fade 
more speedily; though it is sfdd, that the ozyde of. 
tangsten has heen hitely employed with great advantage 
fi»r tendering them fixed and permanent. 



Dmsi05 V. 

OF MSTALLUBOir. 

1. OjtJie Modes of procunttg Metals from their Ores, 

(1) Metals are often found mineralised, either by 
sulphur, or oxygen, and in the last diey are often 
combined with the phosphoriiv arseniac, or carixMiic 
acids. 

(2) Sulphur Is usually sepaiated firom metals by die 
application of heat, in a process called roasting; and 

they are deprived of oxygen by ignition with charcoaL 

(3) In cases when metallic substances are enveloped 
in, or mingled with, eartiiy substances^ firom wliich they 
cannot be obtained in a ftce state by mechanical agents; 
they are separated during fiioon by means of oertmn 
compound salts, in consequence of their great specific 
gravity. 

(4) Acids, and other chemical reagents, are often 
used in operations upon the more ])reciou8 metals^ 
which in these cases are first exhibited in the states of 
oxydesy and are afterwards rendered metallic by the 
agency of heat and of inflammable substances. 
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0/ the Jiormaiion of Allocs, and other MetaWe 

Compounds. 

(1) Alloys are fionned by bringing different metals 
together in a state of ^sion, aad they axe much used for 

common purposes of life. 

(2) la general the alloys of gold, silver, and copper, 
aie employed as the medium of exchange; and the 
standard gold of Britain is composed of 11 parts gold 
and 1 of copper; and the standard silver of 15 parts 
mlver and I of copper. 

(3) The alloys of tin, and of copper are used for 
forming drinking vcssc b, lamps, niatlicniiuical instru- 
ment% bells, and dittcrent utensils employed for pur- 
poses in which fusibility^ ductility^ weight, durability, 
and impermeability to water are required* 

(4) But one of the most important of the metallic 
compounds is steel, which is employed for making all 
such instruments as demand great hardness, strength, 
and elasticity. The best steel contains about ^7^-5- 
carbon. Its properties arc wonderfully influenced by 
different applications of heat 

(5) The alloysy as well as the pure metals^ are made 
of regular fi>nns, by being cast in moulds made of sub* 
stances infusible, and nnfdterable by heat; and they are 
polished and ornamented by different mechanical com- 
pressions or abrasions of their useless parts. 

3. Of SoLderhig, 

(1 ) Soldering Is the art of ftstening together different 
metals, by the application of some metallic compound 

in fusion, to the parts to be imited. 

(2) Difierent alloys are generally employed as soideiB; 
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and they should be always more iiuible than the metab 
to wUdt tbey are ap[^ied» and poflsessed of a Btrong 
affinity for tfaem. 

(3) Solders for lead, are composed of two parts of lead * 
to one of tin. Pieces of copper are united ])y means of 

an alloy of copper and tin. Two parts of silver aiid one 

of brass compose silver solder. \ 

(4) Soldenng k peHbrmed bymeaas of the Uow- 
pipe» heated kons, ; aod to prevent the metak from 

bc^Bf^ ozydated, or to free them from imparitiesy re»n» ' 
borax^ and other substances are employed. 

e 

(1) The surface of one metal iiiav Ite covered by a 
thin stratum of another mctal^ in many ditierent ways. 

(2) Icon k plated with silver by means of hard eolder; 
and silver is often made to eover the surface of copper 
and some other metals, by means ot ample cementation; 
or by being rubbed or burnished upon them, when in a 
state of Uiiiiiiie division. 

(3) Gold is made to adhere to other metals generally 
either by being amalgamated with mercury, or by being 
Implied in a state of minute division. In the case 
amalgamation the mercury is driven off by heat from 
the metallic sorfiewe, and the gold only remains. Finely 
divided gold becomes easily attached to a mctalhc sur- 
fece by pressure, or by friction. 

(4) Iron and copper are readily covered with a coat- 
ing of tin, liy being immersed into that metal when in 
aratafie of fusion. 

5. Of the Aiial^fsu of MetaUic Campomids, 
(1) Metallio compoimda are ao numenmsp that it k 



impossibie to deschb« ^ith accuracy^ aaj general mode 
of diuoreriiig th«ir constituent parts. 

For die purpose of analjsu^ a number of reaglitii 
must be employed ; and the greater port of ike inslva- 
ments of modem chemistry brought into action. 

(2) Diiiereiit acids, and particularly the nitrous, 
made use of for oxydating or dissolving metallic com** 
pounds. The prussiate of potash is a good test for the 
presence of red oxyde of inm^ and other metallic oi^des 
in solutions. 

(3) Siher and lead are ^veipitated by meana of 

muriatic acid; gold and platina aie known by the 
fetility with which they are revived. The quantity of 
tin, zinc, or iron, in any alloys, may be discovered trom 
tiia quantity of hydrogen produced during tbak aetioA 
upon sulphuric add. 

(4) But the habita of patlbrming the prooaasia relat- 
kig to iSbm part of metaUni^ can only be attained bf 
lonf^ experience, and by studying the works of the best 
writers on the subject. Kirwan^ Klaprotbj Vauquelin^ 
Hatrhett, &c. 

DIVISION VL 
OF TB£ MANUFACTORY OF GLASS AND POBCfiLAINj ETC. 

L Of Glass Making. 

(1) Glass is formed by the fuaaa of potash, or 8od% 
inih sand chiefly containing silicious eardi. It is made 
ef dilferent degrees of density by means of oxyde of 
lead ; and it is rendered transparent and colourless by 

certain substances containing oxygen. 

(2) . The best kind of liint glass is composed of daout 



432 Of THE PREPAiLVTION OF FOOD, DRIIiK, ETC, 

120 parts of white silicious Band, 40 parts of pearl ash, 

35 of rt'cl lead, 13 of nitre, and '25 of black ox^dc of 
manganese. 

(3) Glass is coloured blue by the oxyde of cobalt ; 
red by the ozyde of gold; green by the oxyde of 
copper^ and yellow by the oxydes of antunony and 
lead. 

2. Of^ Manufactory of I^nreelamf Earthemoare^ jper. 

(1) The component parts in general of porcelain and 
earthenware are silex, alumine, lime, and, in certain 
cases^ metallic oxydes. The quantity of silex is cokih 
monly about two-thirds ; that of alumine^ finom a fifUi 
to one-third, and that of lime, from one-fifth to one- 
twentieth. 

(2) Alumine htkI silcx form, with water, a paste of 
softness and ductility capable of being easily kneaded ; 
and by means of lime, they are rendered more eusoep- 
tihie of combining by incipient iuuon» so as to fonn 
hard and permanent masses. 

(3) Porcelain and earthenware are p^lazcd hy means 
of different mixtures of earths witli alkaline subst^uices, 
oxyde of lead, &c. and they are coloured nearly in 
the same manner, and by the same substances as 
glass. 

DIVISION vu. 
OP TUB PREPARATION OF FOOD, DBUi^ ETC. 

L OfHuI^reparaidonofFood, 
' (I) The £ood taken into the stoooach should be capable 
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of being easily digested aad conyerted into chyle. The 
gelatine, fat, and fibrinc, in animal compounds, are the 

most nutritive hubataiices \vc arc acc^aiiiuLcd with ; and 
after them follow the sugai' aad mucilage in vegetable 
productioua. 

(2) In the preparation of food by heat, great care 
should be taken to prevent any part of it fiom being 
decomposed. Stewing, by means of water, appears to 

be one of the most economical modes of preparing both 
auunal and ven^etable food ; but in baking and roasting 
a portion of nutritive matter is always destroyed. As 
gelatine^ mucilage, and sugar, are all soluble in hot 
water^ they may be formed into soups, which are at 
once nutritive, and pleasant to the taste. 

2. Of the making of ffine^ Beer, Alcohol, Sfc, 

( 1 ) Wines are procured by the fermentation of the 
juice of grapes; and in this process the saccharine 
matter of the fruit is slowly converted into alcohol, at 
the same time that much carbonic acid is evolved. 

(2) Ardent spirits are obtained by distillation, from 
substances coiitaiuing saccharine matter, which has 
fermented so as to form alcohol ; and tliey differ in 
quality chie% in consequence of the difierent nature of 
the aroma and extractive matter combined with them, 

(3) Beer, porter, and ale are made fiom the fermented 
juice of barley and the infusion of hops; and they 
appear to consist chiefly of different proper Lloua of 
water, mucilage, alcohol, sugar, aad bitter principle. 
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DIVISION VIII. 

OF THE MANAOEHSMT OP HEAT AXtD UQBT, ARTIPICIALLT 

PBODUCED. 

1. Combustion, 

( 1 ) In all processes of combustion, the faei most be 

situated in siicli a luimucr, as to be coiiiitautlj expossed 
to fresh atiiiuspheric air. 

(2) Tiie phasiioniena geaeraiiy connected with com- 
bustion, are radiant heat, common communicated heat, 
and light; and these effects occur in very diffsrent 
degrees in different instances. 

(3) Coal, coke, charcoal, and wood, are the substances 
generally employed in purposes where heat only is 
required. But tallow, ^pt*rmaccti oil, wax, and other 
substances which burn with tiamefi;, are used for pro- 
ducing light 

2. Of cpm Fire^placei* 

(1) The grates of such fire-places as are chicjdy 
designed for heating the air of apartments bhould 
pfoject as much as possible^ and their backs and sides 
ought to be formed by substances which are bad con- 
ductors of heat. Chimneys likewise should be com- 
posed of similar substances, and their lower orifices 
ought to be no larger than may be absolutely necessary 
for a fi-ee circulation of air. 

(2) For increasing the radiation of heat daring the 
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combustion of fuel, coals may be mingled with certain 
incombustible substances, so as to form fireballs. 

(3) The great prinriplc in the management of 
common fires is to sutler as little as possible of the 
volatile purts of the fuel to pass off nnoonsamed by tlie 
chimney ; and to conunnnicate as much heat ae possible 
m an equaUe manner to the air in every part of the 
room to be heated. 

3. Of I^urmces, and different doted Fire^lace$ for 

Culinary Purposes. 

(1) FnmaceSy and other similar fire-places^ should be 
constructed in such a manner as to enable a> gi eat a 

quantity as possible of tiic heat produced by the com- 
] )ust iun of fuel t<> bo applied immediately to the vcf^'^els 
to be heated, lor tins purpose they should be com- 
posed of nonconducting substances* and their form 
ought to be such as to cause the heated air* or flam^ 
produced in them* to strike immediately agiunst the 
bottoms of the Tessels to be heated. 

(2) For cnlinary purposes these vessels ought to be 
composed of metallic substances, which arc good con- 
ductors of heat ; and their lower surfaces should be as 
large as possible, and of such a form as to enable the 
flame and heated air which strikes against them* to 
break* and to play over them with force in <iUfferent 
cunents and directions. 

(3) Steam may be employed with great advantage for 
heating fluids, and for kecpuig them warm. It can 
easily be carried kom place to place by means of tubes, 
and the apparatus required Ibr applying it is light and 
simple. 
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4. Of CandleSy Lamps, Sfc, 

(1) The wicks of candid and lamps seem to act, 
simply by conveyiog the inflammable matter in a fluid 
fl>im regularly and slowly to the place of combustioxi» in 
consequence of capillary attraction. 

(2 ) In all lamps and candles the })lacc of most intense 
combii-tion is a little above the point at which the oiJ is 
volatilized, and where the supply of air is greatest ; and 
in all cases, the wick ought to extend but very litde 
beyond that point 

(3) During the combustion of candles, in consequence 
of the want of a supply of air to the middle of the flame, 
a small portion of inflammable matter is generally 
decomposed without being consumed, w^hence the pro- 
duction of smoke; but in the Argaud lamp, in which 
the wick is exposed both externally and internally to 
air, this phaenomenon does not take place. 

(4) The photometer described in Part IL Div. IL is 
of great use in all experiments upon artificial Hght ; and 
h\ means of it, the intensity of the light produced during 
the combustion of different bodies may be ascertained, 
so as to be compared with their relatiTe consumptions^ 
in the process. 



OUTLINES OF A COURSE OF LECTURES 

OK 

CHEMICAL PHILOSOPHY. 



Ante omnia fW^, duo magna in Mundo, LoboittOlli MM MdM* 
•Iterum Artis.— BscOHjuu Fkiftic. BiOter. fMge 1. 



MitaiM, 



Thit aboTe all things it ia to be undentood, thai fhMV WV Ib tht WOlM tWO SMtt 
Labontoriety one of Matun^ aad tlM other of Art. 



ADYEBTISBMEirr. 



The Lectures on Chemical PhfloBophy^ for 1804, will be divided into 
two distinct parti; ChtxDiftiyIn ttt ComMctfon with Natoral Operatkm* ; 
COhcmlttry in tto Connection with Artlfidal Operatiflna. Hie tet port 
wiilbe dellTered in the morning, the aeoond in the evening. 

Hie ftOowing pages contain the ontHnes of lx>th series. Hie views 
taken in them are neoessarilj very limited. Hy design lias been to give 
a general idea of the plan and order of the course, and not a minute 
detail of all the dif ereut objects to which it will reiau;. 

ALBBMA&Ut STEBXT, 

Jan.mft, 1804. 



OUTLINES OP A COURSE OF LECTURES 
CHEMICAL FHILOSOrHY. 



PAET L 

CREUISTRYy IN ITS CONNECTION WITH NATURAL 

OPERATIONS. 

1. lutroductiatu 

CsBMiBTETy in its connection with the operations of 

nature, is highly worthy of an accurate examinaiu)!]. 
It untbids the causes of many important pha^noinena ; 
it enables us to reason concerumg those properties of 
bodies which most immediately concern us, and to pre- 
dict their alterations; and it developes to ns snblime 
views of the order and harmony belonging to the dif- 
ferent parts of onr system. This branch of science has 
been slowly formed, in consequence ot niiaute obstr- 
yations made upon natural events, and of experiments 
in which natural agents have been placed in new relai- 
tioQS : and though much remains to be discovered in it^ 
yet the Acts already ascertained are sufficient to prove^ 
that all the difl^rent known substanoes belonn:in<r to 
our globe are subjected to the chemical laws ; and that 
the most extensive and ini|>ovtant chemical changes are 
oontinuaUy taking place in the solid matter of the globe, 
the ocean, and the atmosphere. 
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CHEMISTRY^ IN ITS CONNECTION WITH 



2. Of iheNtOm of ^ SoUd Farts qfih€ Globe. 

The solid matter of tlic <;Iobc, as far as it lias beea 
investigated, consists chiefly of rocks or earthy sub* 
stances, forming hills and mountains, or ananged in 
strata. Rocks, or strata, are divided into five classes; 

primitive, transitional, secondary, alluvial, and volcanic 

Primitive rocks, or strahi, are those which exhibit 
no vestiges of organic remains ; they are found at the 
greatest deptlis below the surface, and they constitute 
the bases of the highest mountains. * They are com- 
posed of masses, which are either aggregates, or simple 
stones : granite, and the granitic rocks, the porphyries 
and bienites, are of the first kind; and silicious schist, 
argillaceous schist, serpentine, hornstone, granular lime- 
stone, and shoerl, are of the second kind. 

The transitional rocks generally unite the primitive 
and secondary rocks, and they afford a few vestiges of 
the remains of marine animals. The aggregates com« 
posiner them arc toadstone, and different traps; and the 
sim})ic rocks are rliu tly seliist, and limestone. 

The secondary rocks arc such as abound in many 
parts with the vestiges of shells, and marine productions; 
they arc usually stratified. The aggregates belonging 
to them are grunstein, schistose porphyry, toadstones, 
and sandstones; and the simple rocks arc limestone, 
chalk, gypsum, ironstone, wacke, and secondary schist; 
and these substances often alternate with masses of coaL 

The alluvial strata are such as have been deposited 
in late times from tiie agency of water; they often ooa* 
tain the bones of land animals ; and they are seldom in 
a state of firm aggregation, being composed, for the 
most part, of calcareours and silicious sands, clays, aud 
tufas. 
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The Tolcanic productioiui are the different bnrafl^ and 

stones altered hy iirc. 

The parts of the primitive, transitional, and secondary 
rocksy are often found in regular ibrms, as crystals. 
These rocks, in many instances^ abound with metalli* 
ferous yeins, which intersect them in different directions. 

The most abundant of the ample prindjdes contuned 
in rocks and strata, are the primitive earths. The 
metals in them are found cither native, or in combina- 
tion chiefly with sulphur, or oxygen. 

Soils usually partake of the nature of the aggregates 
or simple stones on which they rest; but their parts 
are in a state of minute divinon, and are generally 
mixed with animal or vegetable decomposing mattersL 

3. Of the NcOwre of the 8ea» cmd of Water. 

The immense mass of waters composing the ocean^ 
differs but little in various parts^ as to the saline com- 
poonds it holds in solution; but generally the largest 
quantities are found near the tropics, and the smallest 
quantities near the equator. The waters of lakes, 
rivers, and springs, usually contain comparatively small 
portions of saline matters, which are very different in 
their nature in different cases. The purest water is that 
precipitated firom the atmosphere in rain or dew> but 
even in this state it is saturated with air. Water when 
it becomes solid or ice, gives out the air with which it 
was combined, and its sj^ecific «z;ravity ih diminished. 

The elemcntaxy principles of which water is believed 
to be composed are oxygen and hydrogen. The 
bases of the salts that it usually holds in solution are the 
aUuJiesy or the alkaline earths, which are combined with 
the sulphuric, muriatic, or carbonic acid. 

u 6 
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4. Cf ^ Nature of the Atmoq>here, 

The aUnoiplieie ib the great body of elastic fluid, 
^vhich everywhere surrounds our globe. Its denaty 
diminishes in proportion as its height increases. It 
is the receptacle of a great miiiil>t r of aeriform fluids, 
that are produced, or developed, on the surface of the 
earth; but the principal constituent parts of it are 
nitrogen, and oxygen, in proportion aa four to oiie;^ 
and which are mixed with carbonic acid, and hold in 
solution water. The chemical composition of the atmo- 
sphere, {IS to its permanent elements, is nearly the same 
in all iis ditlerent parts; the vapours that ih)at in it, its 
temperature^ and its relations to moisture, in diilereut 
places, are probably tlie great causes that modify its 
eflects upon living beinga* 

6. Of the Elementary Principke, emd the active Pawtre 

of Matter* 

Many principles are connnuu to the tlirce great divi- 
sions of the globe; and the ponderable matter of all the 
different known compound^ as far as it haa been inves- 
tigated, appears to be formed by the combination of a 
few elements. These elements are, six simple earths, 
six alkaline substances, twenty-two metals, three acids, 
tluee iuiiammable solids, and three simple gases. In 
their natural arrangements they are acted on by attrac- 
tion: and to the agencies of this power, as chemical 
afiinity ; and to the effects of heat, lights and elctridty, 
produced by imponderable substances, as yet but Utde 
uuderetood, almost all the corpuscular changes of dead 
matter, either immediately or remotely belong. 
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6. Chemical Changes in the SoKd Parts of the Globe, 

The changes taking place in the solid parts of the 

earth, except in a few cases, are slow aiui progressive; 
and they generally arise either from the action of in- 
flammable bodies, from that of air, or of water. The 
^uenomenaof Toicanos have their or^in, probably^ in 
the mutual agencies of mflammable bodies and metals, 
in the bosom of the earth ; but their intense heat depends 
upon the exposure of tlie acting matters to the atmo- 
sphere, upon actual co^ibu^lion. Great alterations are 
produced in the most solid rocksy by the ageucy of 
water: this fluid is absorbed by earthy bodies; and 
when converted into ice on their surfiioes, it tends, by 
its expansive properties, to separate their parts fioro 
each other: some of the earths are soluble in it, par- 
ticularly lime, and its compounds; and when these 
substances form parts of rocks, they are gradually altered, 
and deposited in new forms. The oxygen of the atmo- 
sphere is constantly attracted by the greater number of 
the metallic combinations ; and, in consequence of its 
agencies, rocks which contain them, often undergo 
changes in their states of aggregation, i)ecomc soflencd, 
and are rendered subservient to vegctauoOi 

7. Cliemical CJuinges in tlie Sea^ mid in Water, 

The water of the sea is constantly agitated by the 

tides and winds, and, in consequence, jill its diflbrent 
parts are mixed together, and preserved in a state of 
saturation with air. 

The dead animal and vegetable substances whicli if 
contain^ whether originally belonging to it^ or carried 
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into it by rivers from the land, are prevLiitcd fi'om 
undergoing tlie rapid putrefactive process, by tbe agency 
of the saline matter with which it is combined ; and 
they probably are rendered sabeervieDt to the nourish* 
ment of marine plants and animals. Water is decom* 
posed in a number of natural processes, by the agency 
of vegetables, by couibustible bodies, and by electricity; 
and, ill many cases, one of its elements becomes hxQd, 
whilst the other is disengaged in a iree state. 

8. Chemical Changes taking place in the Air* 

Air is possessed of a strong attraction for water, and 
the ([uantity it is capable of dissolving is greater in pro- 
portion as its temperature is high. When strata of air, 
unequally heated, and saturated with water, come in 
contact with each other, moisture is deposited} which» 
accordmg to circumstances, appears either as douds^ 
mists, rains, dew, hail, or snow : and this deposition is 
the source of our sprinpjs and rivers. The oxygen of 
the air is essential to coinbu tioii, is al)sorbed in that 
process, and the heat and light produced depend on the 
circumstances of its agency. Air enters slowly into 
combination with a number of substances, and either 
tends to decompose them, or causes them to enter into 
new combinations. Air is absolutely necessaiy to the 
life of animals: in its free state it cntei-s into the hmgs; 
and its oxygen, and probably portions of its nitrogen, 
are combined with the principles of the blood. In its 
form of solution in water it is absorbed by fishes ; and 
it abounds in the depths of the ocean, where the pres- 
sure tends to combine it in large quantities. Air is 
constantly active in supportinij vetretation, and in niodi^ 
fyin*:; the substances contained in toils; and its diversi- 
fied agencies promote the fertility of the earth. 
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The meteors appearing in the atmoephere, which 
cannot be referred to electricity, have only very lately 
become subjects of inve8tlgation5 and as yet are but 
little understood. They seem to be heayy bodies, in- 
flamed in the higher regions of the air : various theories 
have been formed concerning their origin. 

9. Of the Cliemical Agencies of Heat in jjroducing 

Natural Clianges, 

The heat belon^ng to our globe is principally derived 
from the sun, but it is sometimes evolved inconsequence 

of the chemical agencies of common matter. It varies 
in degree in different parts of the snrlacc of the earth, 
generally according as their exposure to the sun is dif- 
ferent, and according as they m endowed with different 
powers of reflecting, absorbing, and conducting it. 
Heat is possessed of the agency of expansion ; and, in 
numerous cases, in consequence of its operation, solids 
are converted into UuiUs, and ilukls into acrifomi sub- 
stances. By the clianj^os in the specific gravity of air, 
in consequence of changes in its temperature, the winds 
in the atmosphere are principally occasioned ; and the 
currents in the ocean are influenced, and,, in some 
cases, produced by alterations in the degree of its heat 
This iioent is very efficient in occasioning decomposi- 
tions, and new combiaaiiOMs 3 and hy means of it the 
most important changes are constantly ctiected in the 
arrangements of the principles of bodies ; and element^ 
apparently inert, ate called into a state of activity. 

10. Of JJght^ amd its Chemical Agencies in Nature. 

The rays of the sun, when analysed l)y the prism, 
appear to be of different kinds; and besides those that 
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produce light, and those that piodace heat, tlicrc are 
others invisihle, which occasion peculiar clu mical 
changes. These facts render it very dithcult to ascertain 
with perfect aocunusy, the peculiar and distinct agencies 
of the different parts of the solar beam^ or of light* as it 
usually appears. In considering generaUy the effects of 
the luminous and the chemically acting rays ; it would 
appear tliat they tend to decompose bodies in a way 
perfectly different from heaL In a number ot instances, 
oxygen gas is disengaged in consequence of their opera- 
tion; and the uniformity of the constitutioii of our at- 
mosphere is probably owing to this drcumstanoe* Ciya- 
talUzadon is affected by them ; the colours of bodies 
arc modified ])v them: riiul tlicir chemical influence 
upon organized matter is dislmct, and of great im- 
portance. 

11. Of the Ejjccts of Electridti^ in Nature. 

The medium which in its active state produces elec- 
trical effects, appears to be almost universal! v diffused, 
and it is caj)able of being put into motion both by 
chemical and mechanical means. When bodies change 
their forms of aggregation^ electricity is usually de- 
veloped, and either a positive or a n^ative state induced. 
During evaporation, and at the time of the precipitation 
oi iiioisture from the air, atmospheric electricity is 
uniformly exhibited; and, in its accumulated states, in 
passing to, or from the earthy it produces the phenomena 
of lightning. The appearance of the aurora borealis is 
probably owing to electrical changes taking place in the 
air round the poles. By the extensive action of elec- 
tricity various changes in the forms of bodies are con- 
stantly produced. Li its state of galvanism, its activity 
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is peculiarly exerted on water, and on solid bodies; and 
it probably influences the ])ha'nomena of earthquakes, 
and other rapid changes which occur iu the bofiom of 
the earth* 

12. Of ih/R JRelatim of Chemical Changes to Vegetable 

Ufe. 

The alterations taking place in common matter are 
in no cases capable of forming oiganic bodiesy or stmc- 
tores possessed of the ftculty of reproduction \ but thej 
are connected with the support and nourishment of sndh 

bodies; they arc essential to their existence. T hints 
derive their food cither from the soil in whicli they 
grow> or the atinoi>piiere bj which thej are surrounded; 
and the phsenomena of their vegetation and their growth, 
depend npon the assimilation of new matter to their 
organs, in consequence of the exertion of the living 
power, and of chemical affinity. The principles of air 
and water arc absorbed by plants, and the oriranizable 
maiLcr contained in soils, carried, in solulion, into the 
vessels of the alburnum by their roots. By the agency 
of the solar light, inflammable matter is produced in their 
leaves, and oxygen evolved from them. Carbonic acid 
18 apparently decomposed by vegetables: and this prin- 
ciple, and other principles noxious to animals, precipi- 
tated from the atmosphere, in cumbinatiou with water, 
become their essential food. Thus dependent, during 
Efe, upon chemical changes^ v^etablcs after deaths are 
wholly submitted to them; and their decomponition, by 
external agents, soon restores to inoiganic nature those 
elements of which it had been, for a short time, deprived; 
gives to them a new^ arranfrement ; aud disposes them 
to assume new forms oi existence. 
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13. Chemical Ciiunyes suhserinent to tJie Fwictw/is of 

The principles of animal matter aie much more 

numerous, <and more complicated in their arrangements, 
than those of vegetable matter. In irritable and sensi- 
tive action, the laws of chemistry arc subuiitied to the 
powers of life^ and their distinct and peculiar operation 
ia seldom or never perceived. Solid and fluid nutdtiye 
Mibetances, whatever their nature may be» ondeigo 
peculiar changes in the digestive system, and are con* 
verted, in consequence of unknown operations, into 
fluids in all cases analogous. By these means, aiul by 
the absorption of air in respiration, tlic waste ot matter 
taking place in the oi^anic frame is supplied ; and the 
different elements are made subservient to the purposes 
of animated nature. Heat in the animal body is con- 
stantly regulated by the living functions; and thus an 
agent, most powerfiil in modifying common matter, 
well as electricity, appears in this case, as the passive 
instrument of a superior and more active principle. 

14. The general Economy of Nature, and of the Comiectmi 
of the different Causes oh which it depends* 

By the law a of gravitation the globe is made to revolve 
round the sun, in such a manner as to expose all the 
diliereat parts of its surfiice at different times to light 
From the nature of these laws, inequalities of tempera^ 
ture are produced^ and changes in the state of the air 
and ocean, absolutely essential to the existence of Hving 
beings. The form of the earth, and the irregulariiics 
belonging to it, are of infinite importance in the economy 
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of natme. Bj means of mountaiDs^ the coune of the 
winds 18 regulated. Thej ate the Boorces in which the 
waten of die atmosphere are collected ; and they supply 

the dccav of soil taking place iti vailcys aiul plains. 
Rocks and the earthy strata, wliic ii contain metals, and 
other substances equally useful to man, arc fitted, by 
their poddon, to form a bomidaiy beyond which the 
influence of water and the atmoephere cannot penetrate; 
and by means of them such matter as is capable of being 
organized is confined to the surface of the earth. The 
water derived from the sea by evaporation is again 
retomed into its bosom by means of rivers. Amidst 
the Taiious chemical changes taking place in the air, it 
is constandy preserved in a state most proper for reepi- 
xadon. Animals and vegetables are made to support 
each other. And by means of a few simple laws, di»» 
playing one great and perfect de>jgn, ail the changes of 
matter are rendered subservient to the well being and 
happiness of mm, and oi the whole living creation. 

15. Qf the various Alterations which thr Glvhi- ims under' 
gem; Geological Systems, and concluding Odservations, 

In the in vest illation of the history of nature, the 
understanding is necessarily led to reason from the pre- 
sent order of things^ concerning their former arrange* 
mentSy and to conjecture with regard to their future 
changes. It requires no minute knowledge to determine^ 
that very considerable alterations have taken place in 
till" iirface of the earth within pcrioils ascertained by 
history. The iorms of mountains have been changed 
by volcanoSy and by the agency of water ; the beds of 
rivers have been altered ; the solid matter carried into 
the sea has modified the appearances of the shore. In 
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speculating ofi these lact% in their relaUoo to the origia 
of the general appearances of our globe^ geologists hsve 
been led to oondude from the existence of oystalltaed 
msBses in both the primitiye and secondaiy ooimtriefl^ 

that a considerable part of the solid matter, composing 
them, oui-v existed in a state of llnidity; and very dif- 
tercut theories have been tbrmed concerning the ^ent 
which oocasioned its solution ; in one hypothesis, water 
being made the primaiy cause; and in another^ fire 
acting under the pressure of the ocean. In the present 
state of our knowledge, it is perhaps impossible to form 
accurate conclusions on this subject, or on the ultimate 
cliangcs which our system is destined to undergo ; the 
analogies deduced from our artificial operations are ex- 
tremely imperfect ; and as we are acquainted with only 
a very minute part of the materials of the globe, there 
is great reason to suppose, that powers have been, and 
may be called into action in modifying' it, of which we 
can form no ideas : and which it has pleased the Divine 
Will to conceal irom us in wisdom. 
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PART IL 

CH£MISTBY IN ITS COXXFCTION WITH ABTIFICIAL 

OPEIUTIONS. 



L Or THE General Properties of Matter, and the 

AuENCiES Ok iMPONliEliABLE SUBSTANCES. 

1. ItUroduction, 

A considerable number of natural substances have 
been submitted to chemical processes: and by means of 
various instruments and inTentioufiy they have beea exhi* 
bited under new circumBtanceSy their foims have been 
changed, and theur hidden qualities discoTered* Che- 
nufltry, as a science of operation, is of great importance: 
in its theoretical relations it has contributed to extend 
tlie powers of the mind, by presentinpj to it a number 
of new and interesting objects for contemplation ; and 
in its practical results, it has tended to diminish our 
wants, and to refine and increase the flources of our 
pleasoree. 

AttraeHen and itg Agtndu. 

Different species of matter tend to unite with dif- 
ferent degrees of force. This is the general &ct of 
chemical attraeticMi : which according as it is exerted 
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under different cixeiiinstancesy is governed by different 
laws* Its influence is general, and modified only by 
the effects of heat, and the other imponderable agents. 

2. S. Of Heat or Cahrief iU Esedtmeat and AgmcU§» 

Heat or caloric is the great expanding power : it is 
capable of being communicated by bodies to each other; 
and the laws of its communication constitute the laws 
of temperature. It exists likewise in a free state, or as 

radiant heat; and, iu this case, it is capable of bcinpj 
reflected and refracted. The extensive operation of 
heat on bodies is often connected witii changes in the 
£>rms of their ^gregation. It is possessed of great 
powers in producing chemical alterations in substances ; 
for as it expands them differentlyi so it diminishes in 
different ratios the affinities of their particles for each 
other. The instruments used in experiments upon 
heat, are thermometers^ pyrometerij» and caiorimetexsy 

4. 0/ Laghtf and its Operations in Chemistry. 

Light is a chemical agent of considerable importance 
in artificial processes. In consequence of its properties 
of being reflected and refiracted, it is capable of being 
accumulated^ or dispersed. It is applied in experiment^ 
either in its compound state, in which it is mixed with 
heat; or in its decompounded state, in which its di^ 
fcreat raj s occasion different changes. 

5. 6. 7. Of Eketridtyy and Gakamsnu 
Electricity in its various states of accumulation^ pto** 
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duces different effects. In general, its presence is 

denoted in substances by their powers of attracting, or 
repelling light bodies. It oitcu appears in the lorm of 
£ie; and it is possessed of very powerfiil chemical 
agencies. 

It is excited by Tarious canaes, and exhibited by 
means of a number of different instruments. In the 

galvanic apparatus, it produces an extensive series of 
important and hcautiful cttbcti?, wliich have been lately 
discovered, and arc still subjects of investigation. 

General Ohsemmtions on the Art ire Properties of Matter , 
aiid OH the Art of ilxperunentiiig. 

Though the immediate causes ol" the active proper- 
ties of niatter arc but little understood, yet the laws by 
wliich they aie supposed to act are simple expressions 
of facts. The knowledge of these laws, and the investi- 
gatione concemmg them, have led to many iniport«>t 
discoreries in the arts of life : and, guided by them, the 
chemist is capable of imitating the operations of nature, 
and of producing new operations : he is enabled to 
analyse, and to coaipouud : to discover simple princi- 
ples, and to ascertain their arrangements. 

U. Of Undecompoudeb Substances, or Simi le Prin- 
ciples; TfiS MsTHOnS OF PRODUCINQ TUE^ JLSiD 
THEIB ApFLICATIOKS. 

PreUnmary Remarks. 

Simple principles are those substances which have 
not as yet been composed or decomposed by artificial 
ikieana. Many of them are found in nature, and many 
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ate pirodacible from their compoimds by art The 

simple princi})les at present frcnerally acknowledged by 
chemical philosophers, arc 43; which when considered 
as to the similarity of their most striking properties^ 
may be divided into six classes. 

Of the Simple Gases possessed of no Acid Properties; the 

First Class, 

The simple gui-cs possessed of no acid j)roperties, are 
three in number ; oxygen, hydrogen, and nitrogen ; 
they are nonconductors of electricity, and but slightly 
soluble in water ; they are capable of being produced 
by various operations. Oxygen is essential to combus- 
tion ; hydrogen is inflammable ; and nitrogen is one of 
the elements of nitric acid. 

9. Of the Simple Liflammahle Solida ; tlie Secofid Class, 

The simple inflammable solids are, phoapharas^ 
sulphur, and caibon. Phosphorus is an artiBcial pro- 
duct; carbon, and sulphur are found in naiure. They 
all burn when heated, at different temperatures, in 
contact with ojiiygen. 

10. Of the Metals; the 2W Class. 

This class contains twenty-two nndecompounded 
substances; they are, platina, gold, silver, mercury, 
copper, tin, lead, iron, zinc, antimony, bismuih, arsenic, 
cobalt, nickel, manganese, tungsten, uranium, molyb« 
dena, titanium, tellurium, chrome, col u mbium. Metals 
are separated £rom their compounds by variooa metal* 
Iwgical prooessea: whett eomluned wi^ sulphur, tfae^ 
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are fireed fiiam it by the agency of heat and of re-agents ; 
and in cases when oxygen is the minenilising snbetance^ 

it is detached from the ore by mcaos of ignited charcoal 
or other inilauiinable bodies. 

The mctal^i aie possessed of very high specific gravi- 
tiefls> of opacity^ and brilliancy of appearance : they are 
all combustihle at certain temperatuiesy when in contact 
frith oxygen ; some of them, as zinc and tin, requiring 
only a low red heat, and others, as gold and rilver, an 
intense white heat. 

11. The SimpiU Earths; the Fourth Class. 

These substances are distinguished by their insol- 
ubility in water, their incombustibility, and their want 
of electrical conducting power; they are, silex, alumine, 

zircone, glucinc, itti iii, and, as it is supposed, a^ustinc : 
tlic processes bv \vhich they are obtained pure, are, for 
the most part complicated, and connected with the 
application of a number of different re-agcnts. 

The fixed Alkalitie Substoiices; tlie Fifth Class. 

These bodies are six; aiiion^t them, potash and 
soda are very soluble in water, and arc usually dcnomi- 
' nated the fixed alkalies. Strontian, ban^ tes, lime, and 
magnesia, are generally called alkaline earths ; they are 
less soluble in water than the fixed alkalies. All the 
simple slkaline substances are incombustible, and 
capable of being comlnned with acids, and with 
sulphur. 

Tihe Undecampamded Acids ; the iiu:th Chss. 
These substances are, the muriatic acid, the boiAeic 
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•acid> and the fluoric acid. They are combinable with 

water and the alkalies ; they redden vegetable blues. 
The muriatic acid, and the fluoric acid, are permaaent 
gases. The boracic acid, is a crystallized solid. 

AppUcatiom and Uses of the Simple Substances. 

Amongst the sunple substances, the metals are the 

most important in their applications to the common 
purposes of life; their uses are various and extensive. 
The earths, alumiue, and siicx, form the bases of various 
manuiactures. I^ime is priucipallj used as a cement. 
Oxygen, the alkaliesj and the muriatic and bozacic 
acidfl^ are amongst the most powerful of chemical re- 
agents. 

in. Of Binary CoHPouNDSy their Properties .ahd 

Applications 

The binaxy compounds owe their origin to the union 
of two simple principles $ and they are usuaUy com- 
posed and decomposed by the simplest laws of attraction. 

They diticr considerably in ihcir properties ; but a simple 
classification of them into five kinii^, is obtained, by con- 
sidering the substances of which they are composed. 

12. 13. 14, Binary Comhinations of Oxygenu 

The bodies of the first class contain oxygen, as one 
of their elements ; a principle, %\iiicii has the greatest 
tendency to combination, and which is the most active 
amongst material agents. 

The binary compounds of oxygen, are either decom- 
posable acids, possessed of the sour taste, and the 
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power of reddeniiig vegetable blues ; or o^des^ wbich 
are insohibley or sparingly soluble in water» and wbich 
are incapaUe of altering vegetable colours. 

Oxygen, by combining with different bodies in 
different prc^purtionH, forms compounds possessed of 
very different properties. 

0£ the binary compounds of oxjgen^ water contains 
15 parts of hydrogen, and 85 of oxygen. 

Nitric acid, nitrous gas^ and nitrous ozyde^ have 
nitrogen for their basis; and contain respectively 71, 
56, and 37, of oxyprcn, in 100 parts. They arc amongst 
the most decomposable of the binary compounds. 

The phosphoric aud the phosphorous acids consist of 
oxygen and phosphorus ; which, in the first, are united 
in the proportion of 1*6 to 1. 

The sulphuric acid contains about 1*7 parts sul- 
phur, and 1 of oxygen. The sulphureous acid contains 
a smaller proportion of oxygen : it is a permanently 
elastic fluid. 

Three bmaiy compounds are known, containing 
oxygen and carbon ; charcoal, gaseous oi^de of carbon, 
and C8rtx>nic add ; the two first are inflammable. 

13. The metallic acids, which are the arsenious, and 
the arsenic acid, the molybdic, and the claomic acid, 
are formed by the union of oxygen, with arsenic, molyb- 
dena, and chrome. These metals, as well as all the other 
metals, by combining with a small proportion of oxygen, 
form oxydes; and some metals, fox instance, iron and 
lead, by different combinadons, form different oxydes. 

14. The oxvijenizcd and hypcroxvirenized muriatic 
acid, are produced by the combination ol" different jiro- 
portions of oxygen with muriatic acid ; they are decom- 
pounded by combustible bodies with the production of 
heat and %hc 

VOL. n. X 
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15« Binary Compoundjf, containing Hydrogen; the 

Second Class* 

Hjdrogcn is capable of combining vnth, at least, 
three simple substances besides oxygen. B\ uniting to 
nilrogca iu the proportion of 20 parts to 80, it forms 
ammonia, or volatile alkalL With sulphur, it pro- 
duces sulphuretted hydrogen gas, which is possessed of 
acid properties. In pho^horetted hjdrogen, it is 
attached to phosphorus; and this compound inflamea 
when suffered to pass into the atiuospbere. Yvom some 
late experiments it a})pcars very probable that there are- 
no binary compounds of carbon and hydrogen* 

16. Binary Compomids, containing Sulphur; the TJtxrd 

Class, 

Sulphur is possessed of various affinities; its binary 

compounds are denominated sulpluirets. 

The metallie sulpbiirets are formed by the union of 
sulphur with the metals. 

The alkaline sulphurets contain the alkaline 8nl>- 
stances as their bases. 

The compounds of sulphur and phosphorus are vexy 
inflammable. The compound of sulphur and muriatic 
acid is possessed of some singular properties. 

The Binary Compoiuids of the Metals with I^hosphorus, 
Carbon, and with each ot/ier; the Fourth ClasSm 

Phosphorus is capable of combining with the greater 
number of metaUic substances: the phosphorets axe 

posses sed oi Liie metallic splendour, and are very com- 
bustible. 
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The most important of the metallic compounds con- 
taining carbon, is steely or carburet of iron, which con- 
tains from -jI^ to -jJiy of carbon. In plumbago, or the 
hypercarburet of iron, the quantity of the carbon exceeds 
very much that of the metaL 

The binary alloys are formed by bringing two metals, 
pooBessed of affinity for each other^ together; one of 
them at least being in a state of fusion or solution. 
Amongst them the best known are, brass, bronze, the 
alloys of gold, the fusible compounds of lead, and the 

The Binary Compounds of the Earths and AlkaUes with 
each other, and the Acids; the Fifth doss. 

The binaiy compounds containing earths onlj^ have 
as yet been very little examined Alumine and silex, 
may be made to form a permanent union. The fixed 

alkaline substances arc capable of combining Avith most 
of tlie earths. The basis of glass is equal parts of potash, 

or of sofIa, ;iih1 silex. 

The alkaHno substances^ by uniting with the unde- 
oompounded acids, produce certain compound salts. 

Of the AppKeatum and Uses of tlie Binary Compounds* 

The applications of the binary compounds are very 

numerous. The nitric and sulpliuric acids, arc employed 
in many of the arts, and particularly in the ])roces5es of 
metallurgy and dyeing. The metallic oxdyes are the 
most important of our pigments. The oxygenated 
muriatic acid is used in bleaching. Steely and metallic 
alloys, form some of the most important of the instru- 
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ments employed for the common purposes of life^ and 
in the proeeflses of experiment. 

The general leries of cfanDgee produced by the fimni^ 
turn and decomposidoa of the binary compounds, parti- 
cularly in the instances in which oxygen is concerned, 
constitute soinn of the most instructive of the operations 
of modem chemistry; and they are connected with 
many beauti&d appearances. 

IV. Of Teanary^ Quaternary CoMPouKDSy etc. 
THEiB Agencies and Uses. 

Cla9iifieaHan, 

A few only of the ternary or quaternary substances 
are capable of being composed by art immediately from 
their elements. Many of them are products of organised 
bodies, and their natare is discovered chiefly by analysis; 
considering their compositiun, they will admit of a divi- 
sion into five classes. 

17. Compounds, containing chiefly Oxygen^ Hydrogen^ 
or Carbon; t/ie Fint Class, 

These compounds are usually found in the vegetable 

khigdom ; and tlu lr composition, and their properties, 
are verv^ divcrsilied; many of tlu ni have been called 
vegetable oxydes. The hydrocarbonatcs, alcohol, ether, 
▼olatile, and fixed oils, wax, and resin, conrist of differ- 
ent proportions of hydrogen and carboUj united to 
small portions of oxygen. Sugar, gum, tannin» colonic 
ing matter, and the extracts soluble and insoluble in 
water, conUiia considerable (|uantities of oxygen, com- 
bined in different proportions with carbon and hydro- 
gen, and sometimes with nitrogen. 
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Of the Addi, eoniaining Oxygen, Hgdrogm, and Carbon; 
or the Vegetable Aeuie; Second does. 

The vegetable acicb are eleven in number. 

The acetic add, the tartaric^ the oxalic, the citric^ 
the malic, the succinic, the benzoic, the camphoric, the 
aaberie, the mucous, and the gallic acid& The oxalic 
acid is probably that which contains the largest proper* 
tioii of oxygen; and the gallic acid that \vhich contains 
the least. Thej are all soluble in water; and decom- 
posable by heat. 

18, Of the Compounds, containing Oxygen, Hydrogen^ 
•Carbon, and Nitrogen, poeeeeeed of no Add FtoperHee; 
Ifte ThM Claee. 

These compounds are found for the most part in the 
animal kingdom : the relative proportions of their prin- 
ciples are unknown; one of their most characteristic 
pn^Ttie% ia the facility with which their con^position 
is altered. The moat important of them are, gelatine, 
albumen, animal mucilage, fibrine, and animal oil ; the 
three first only are boluble in water, and precipitahle by 
tannin. 

OJ the Acids, containing chiefly Hydrogen^ Carhon, Nitro^ 
gen, ami Oxygen; the Fourth Class* 

Amongst these substances, some are fimnd native in 
animal solids and fluids, others are produced during 

their chemical aUeratioii. The native animal acids are, 
the formic, the bombic, the laccic, the sebacic, and the 
uric acids. The factitious acids are, the lactic and the 
prussic acid. All the animal adds are decomposable by 
heat; and the prussic add contains only a very minute 
portion of oxygen. 

x3 
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Termrif^ and Quaternary Compouruk, coiUaim^ MOalt, 

JSktrthi, €aui AihaUeu 

The metals are capable of combiiiiiig with each other 
in ternary ciiul quaternary union; but the pioperiics of 
very few only of the more compound alloys have as yet 
been stodiecL 

Temaiy and qnaternaiy ccNnbinationa of tliie eartli% 
constitute the basis of porcelain. 

The fixed alkaline substances are capable of entering 
into union with diflferent earths, so as to ibrm with them 
single compounds. 

4 

Uses and AppUcaiioits of tlie Ternary aJid Quutemary 

Compounds, 

The vegetable and animal compounds ate applied to 

very important uses in common life. Many sul)stanceb 
in the first and second classes are cmi)Iuycd as articles 
of food. The inflammable compounds afford us the 
means of procuring^ artificially, heat and li^t. On the 
union of colouring matten with the vubatances used for 
dothing» either immediately, or by means of moidantt^ 
the art of dyeing is founded. The compounds in the 
three last classes, though of more limited application, 
are yet essential in some of the processes of various arts. 

V. Of Substances composed of different Compound 
Bodies, oa of CoMFOimD Bodies and ^m^h^ 
Bodies. 

GeaercH OhserfBoHant* 

The exislcncc of the more compounded bodies is 
owing to very complicated affinities. In general they 
are difficultly produced, but easily decompoeed; and 
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this 10 peculiarly the caae^ ^dien the substanoes 
toting them contain as elements^ the simple gases. The 
more compounded bodies may be divided^ according to 
their physical relations^ into five dasseSi 

19. SoUm CmpanndM; liW Ftni Clas$. 

The saline compouiids arc substances, containing^ as 
one of their constitaent parts, an acid^ an alkalij or an 
ozyde. In general, they are soluble in ivater, inconi> 
trastible, and nonconductors of electricity. 

The saline componndsy eontaining the acids nnited 
to the alkaline substances, metallic ozjdcs, or earths, 
arc very numerous; every acid bcin^ capable of forming 
a great variety of combiuatious ; their nacaes are derived 
from the acid and the basis. 

The alkaline substances are capable of combining 
with many other bodies besides the adds; they enter 
into union with oi]» albumen, alcohol, &c> Their com* 
biiiations with oily substances arc soaps. 

Certain of the metallic oxydcs in combiiiaiioii with 
ammonia, and some other substances, form powerful 
fulminating compounds. 

20. Compounds of the Met ah and Eartlis, and Mineral 
Substaneet; the Second Cla$s* 

Many compuunds of the metallic oxydcs with the 
earths and alkalies, may be artificially produced ; and 
an infinite variety of them exist in nature ; which the 
chemist has been able *to decompose) but not to 
imitate. 

In the systems of mineralogy, the more compounded 
natural substances are divided into genera; correspond« 

ing to the number of the primitive earths, alkaline sub- 
stances, metals, &c. their classification into species ^ 
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derired from an accurate examination of their physical 
and chemical properties, 

21. The mare Compounded Vegetable Substances, atid 
Artificial Con^xmnds eankdmnff Vegetable Matter; the 
Fmurlh Cktss. 

The organs of plants appear for the most part to be 
compounded of the oxydes and acids, containing oxy- 
geoy hydrogen, and carbon ; of water, and the ditferent 
earths and salts ; but we are veiy little aicquainted with 
the anrangcment of these their constitaeiit parts. We 
can chemicaQy examine vegetable substances only in 
their dead state ; our analyses are usually made by heat; 
and we are incapable of demonstrating the accuracy of 
them by syutheticai means. 

Many important artificial compounds are formed by 
the union of different vegetable matterB^ with certain of 
the alk»lie^» nietaDic ozydes, and earths* 

The more Compounded Animal Substances, and Artificial 
Compounds formed Jrom them; the Fifth Class. 

The chemistry of animal substances is as yet in its 
in&ncy; no accurate views have been obtained with 
regard to it : an almost infiiiiie variety of composition 
exists in those organized parts which arc most analogous 
in their structure and uses, and these parts are in a con* 
tinual atate of change. 

The substances described in Dividon 4 ; Class 4 and 
5, appear to exist in the greater number of animal 
orirans-, but their arrangements are wholly unknown, 
and tlicy are combhu d with very different proportions 
of water and saline compoundsa 
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The artificial csompoiinds pfodaced by the action of 
reagents upon ammal subBtanoeSy as yet baye been very 
little investigated. 

Of fA« JppUeaHcnt qf^ mote Con^paunded Bcdin, 

The saline compoundsy or the neutral salts, are appli- 
cable to a Tsriety of purposes. The compounds of the 
nitric and muriatic adds are the most important in their 
uses ; nitrate of potash is the basis of gunpowder. 

^Mineral substances, modiiied by artiiicial means, are 
applied to a great number of proeesses; and most of 
the earthy and metallic substances, described in the 
three last divisioiu^ are produced from them. 

A few only of the vegetable or ammal more com* 
pounded substances are employed in the chemical arts 
in their native states; but their new combinations and 
decompositions arc essential to many important opera- 
tions. 

VL General PnExo^TTiNA of the Chemistry of 

ABTmCIAL OP£KA.TlOKSy AND CONCLUSION. 

22. Generalizaiian of ^ ^ads relaiifi^ ia Jriffieial 

The general pbsenomena of the chemical changes 
produced by artificial method^ may be referred to feur 
different modes of the exertion of attraction. Simple 

combination, simple decomposition, compound combi- 
-»ation, and coin pom id decomposition. And in all cases 
the law of action is determined by the primary affinities 
of the elements of the substances experimented upon, 
and their masses. 
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Of Cryst a Uiz at um, 

In a number of chemical opera; ions, the solid sub- 
stances produced, iLssume regular poiyhedral tonn.s; and 
by these formsy their species may ia most cases be 
ascertainecL 

AU known dystaUized V>die9 haTe^ as their nucleus 
or prtmitiTe crystal, one of rix regular figures, which axe, 

1. The parallelopipcdon. 2. The tetrahcdruu. 3. The 
octahedron, with trianorular sides. 4. The hexagonal 
prism. 5. The dodecahedron, bounded by rhombs. 
6. I'iie dodecahedron, bounded by isosceles triangle& 
The modifications of these forms depend upon diversified 
and complicated finoes of attraction. 

Obieiivatiom m the History and J^rogreu lifExperimmbd 

Chemistry. 

Experimental chemistry is a science of late invention: 
it has been chiefly formed by the labour and genius of 
philosophers who have flourished within the last 

years. It continues to improve, its boundaries are daily 
extended; and almost every new discovery unioldii new 
objects for research. The instruments of chemical in- 
vestigation, though possessed of great power, are still in 
a state of imperfection i and from the improvement of 
them, we may expect to obtain new and important arts^ 
and to develop more snblime and comprehensive views 
of uaLure. 
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